ADVISORY PANEL ON THE SCIENTIFIC USE OF BALROC

MEETING ~-~ 15 NOVEMBER 1965

L[aBLE OF CONTENTS

O R e R N S—

Schedule
Agenda
l. Minutes of the meeting of 16-17 Sept. 1964
2. Actions on prior Panel recommendations
3. Annual Raeport
4. Review of Facility activity in the current
calendar year
5. Ballooning r=2quirements
6 Azimuthk stabilization and startracker
requirements
/. Progress on heavy load launch development
program
8. Request by Dr. Dzlbouiile of Belgium for
balloon flight services
9. Request by Dr. Luis W. Alvarez of the Space
Sciences Laboratory of the University of
California for flight services
10. Water vapor measurement comparisons
11. Another eguatorial balilooning expedition
suggested
12 Election of Chairman
13, Date and time for next meeting

A.

APPENDICES

NCAR Panel on Scientific Use of Balloons =-- Minutes,
16-17 September 1964,

p—at
-
O
D
B

(1)
)

~J
3
¥ &S
on




APPENDIX A, MINUTES
PREVIOUS MEETING




APPENDIX A,

NCAR PANEL ON SCIENTIFIC USE OF BALLOONS

MINUTES, 16-17 SEPTEMBER 1964,




. NCAR Panel on Scientific Use of Ralloons
Minutes
16-17 September 1964

The meeting was called to order at 1:00 p.m. on 16 September 1964
with the following members present: James Angell, Allen Hynek, Urner
Liadel! and Edward Ney. Present from NCAR were: Thomas Bilhorn, Robert
Yubara, Vincent Lally, Alvin Morris, Daniel Rex, Walter Roberts, Stanley
Ruttenberg, Samuel Solot and John Sparkman.

Mr. Morris indicated that Drs. Peter Meyer, John Strong and Verner
Suomi were unable to attend. Dr., Svomi is assuming new duties at the
Weather Bureau and was unable to get away; Dr. Strong is ill:; Dr. Meyer
was unegble to resolve a prior commitment. Since a2 new Department of

Defense representative has not yet been named, the DOD adviscrs were
not invited.

Dr. Rex asked the Panel's reaction to the new schedule of the
meeting~~-starting at noon on one day and ending at noon the following
day. There was general agreement that the new schedule was excellent.

Chairman Ney then called the Panel's attention to Agenda Item 1 -
Approval of Minutes of Meeting of 19 May 1964. The FPanel deferred
action on thic matter until the members could study the minutes more
. carefully since none of them had been present at the last meeting.

Discussion of Agenda Item 2 - The Palestine Clam-Shelter Building -
was initiated by Dr. Rex who commented that an inflation shelter has
been on the Panel agenda and in NCAR's plans for the past two years. The
Panel had made suggestions and taken note of progress in the past. We
ncw believe that we have a practical and effective shelter plan and a
realistic estimate of its cost. NCAR management has approved the plan
for construction, but we wish to have Paznel endorsement of the plan
before seeking NSF approval.

Dr. Rex had written letters to Dr. Alvin Howell and Dr. Martin
Schwarzschild requesting their individual opinions as to the advisabil-
ity of conetructing the shelter. Copies of their responses (attached
as Apprendix A) were distributed to the Panel members,

Dr, Robertes then pointed out that the inflation shelter had been
deleted from the fiscal 1966 budget request with the understanding that
NSF would receive a request for supplemental funds for construction of
the sheliter., He further stated that he felt that the NCAR staff had
done a magnificent job of evaluating the capabilities and usefulness
of the shelter, Although the staff and Dr. Roberts are completely
convinced that the shelter will be a substantial asset to the ballooning
program, Dr. Robertes felt the need of a firmer endorsement from the
Panel that the inflation shelter should be a positive goal for NCAR
befcre proceeding further.




v oF the inflation shelter pian ifvcloded the following

3 : + + of use with expected f{uture z2nd currently proposed
a2 - se - utrength of the building a4 ite ability to withstand
nlicirstes wina loading with varying degrees of opening atd in various
<3 oW P10 resative to the wind; increazed sataty of flight operations;
cevarsed ysnsity of flight operations; better performance of scieatific
Lement dus oo more deliberate and thorough ground check; and reasons
oY reloacatins the shelter from the previously proposed site,

A*fi:* Yo. ': It was moved and seccunded that the Panel endorse
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NCAR ‘& =:.:78 for the construction of ths btzlloon iﬂflati,h shelter
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1 :f;ntad Mot ion Eassed with Chairnan Ney sbstaiain

f

iurthay discugsion of the inflation sh2lter indicated that some

e acayr exist=d because the cost estimiate was not a firm bid acd because
thors was 0o price comparizon between the clam shelter and other possibile
dasigas, It was palnted cut that NCAR mav have to wait two years to
chtain andq to build a shelter ard that no countractor wouid make a bid

4 | 1'd remain biading that long. Also, other design configurations
23 '-u; LJ"“ldﬁrEd and had besen abandened for reason: which included
gt - c*vrral strength and utility., Destailed cost comparisons did not
‘I rrafore se2m warranted, NCAR f2it that the cost estinate was Aas

»L1stic as possible,

Ageadzs Item 3 - Proposal for Support »f the Spectro-Stratoscope
totloon Progrem - was the next itemm of discussion. The Panel had
Irequ-sted 2t the last meeting that we obtaln comments from outside oi
NCAR. Copies cof the replies to Dr. Roberts' enquiry were distributed to
the Fanel (attached as Appendix B). Mr, Lally indicated that Mr. Sparkman
nts bLaen tentativaly assigned to the program as manager, that Kiepenheuer
it '1dec to purchase au NCAR developed PCM system, and that Kiepenheuer
oposed to cbtzin support for balloons, helium, etc. from a US agency.
viscussion emphasiz=d thst thiszs wa:s an intazrnational cooperative program
¢l scme importance and that the support required of NCAR is fundamentally
Gperational in nature,
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Action Nc. 2: Thﬁ_?a-al endorzed the scientific objective of the
nq_pcsaT and reacommne :q:j that NCAR support the program, with the
3Jg§55tanding thﬁr cost: tc NCAR would be nominal support costs,

rot to include. bg'Lf e, velium, or other directly assignabie costs.

PI— —

Tt was €9 mnved! §ECCO

:d and carried unanimouslg.
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Mr. Laliv, referring t: Agenda Jtem 4 - The IQSY Expedition in
I , discussed the bacxkground of the IQSY program. He said that
r:s;..;xhhhitv fcr the program has bheen assigned to the National Science
Foundation and that NSF had suggested that NCAR manage the program., 1.
line with NCAR policy that we avoid accepting and operating field pro-
ject= cther than at our fixed bases, it was decided that NCAR would
cintract with an industrial group to run the program and that NCAR
worrld provide a program manager and a scientific coordinator.
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Cvara reperted thal since there was no record of large

R GRLlot having flown with valiabiliity through the cold
pusz, NCAR htad carrisd out a test program in Panama.
st Lthe test program, NCAR hkad selzcted Winzen ballcons
with rhs gtipuriation that the balioons be manufactured in Minn:apolis
with tha right =f 1007 irspection by NCAR, and that manufacture by
suprrvized by a4 Wivzen emplcyee of NCAR's choice. NCAR will take

e=~ugh balliocons Lo India te previde s& 50% back-up for ths flights
senad,
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b2lly reported that Raven Industries hsd been :zlected to
i Ld ran end that twe paylozds ar: pleanced on most
flsghte, 7%v& Ind.isne will provide several cbrarvers end will fly
e payloeda of thair own, A fizld trip to make diplomacic and
icgistic arvangerzats and to selact sites i3 plannad,
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Action Ne, 3: It was moved : *.d seccndzd that the Panel notes

with intersst the NCAR plans fnt the 1QSY LAEhdltiqi_tn I~dia,

a*-d 1t (tha Pat 21 mu*'ﬂ'at the ¢c12ntific value 2f the exp2ri-
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Mr, Laliy then asked the Pauzl'e opinion cf NCAR's assumption of
this type of program, It was ;oilnted cut that previous Panel advice

to NCAR was tc learn the art and not De simply & rCﬁtracting Agency.

% this case we are trying to employ ovr minegerial and technical
abilities to best advantage while ztill giving in dustry the opportunity
t. participate and so retain its capabiiity. The Panel informally

~~acrsed Dr, Nzy's statement that the approach to the program and its
ha~dling are inpressive,

S&zsion adjourned until the following morning.
The meeting was called to order again at 9:00 a,m. on 17 September
194 with discussion of Agenda Item 5 - Annu:al Report. Discuesion was
ncerned with means to make the anaqual report more useful, General
comments were that cost and budget infeormatiocn ehould be added to the
‘ght summaries; that a summary sheet for all flights b2 included to
=1¢¢ 1n referring to one particular flight: that, if possible, a com=-

- . - - - :‘

e includsed as tc the scientific result: fhtainad; aprd that the
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accuracy cof irformation regarding frec 1ift and ascent rate be carefully
1

checksd., Thers ware alsc several genzr: ~u?gesL1ch concerning develop-
mirt pragrams., specifically materials r¢sez2rch, high altitude balloons,
e~ shes ccnliguvation aralysis triﬁg the computer.
Action No, &4: It was moved and zzc-r-ed that the Panel recommends
ir. developing future plans. r‘ﬂ‘ :jn- = 2 Lder computer calculations

of shapes involving configurations with circumferential teasion.
WDleE carried unanimousl




Page 4

Action No. 5: The Panel took note of and discussed the 1?&3 Annual
Report, recommending that in the future each scientific project be

described more fullv and suggesting that a concise flight summary
be provided in which page numbers of the detailed individual sum-
maries are given.

Mr. Lally then distributed a statement concerning actions taken

by NCAR on recommendations made by the Panel at earlier meetings (attached
as Appeundix C).

The Parel then observed that there will be a notable eclipse during
1966 and discussed the possibility for use of balloons, including
tethered balloons, for an expedition during the eclipse.

Action No. 6: It was moved and seconded that NCAR make informal

. e e e . e e e e e e e e . s e e e it S e

enquiry as to progress of the tethered balloon project at NOTS
with a Eassible view toward future cnoEeration. Motion carried

unanimouslx.

Action No. 7: 1t was moved and seconded that NCAR take note that
a very auspicious total solar eclipse will occur in May 1966 in
South America and the South Atlantic which will offer Enssibilities

for good ecliEse observations by balloon=~borne instruments. Motion
carried unanimcuslx.

Following the discussion of NCAR actions on previous Panel recom-
mendations, the Panel returned to Agenda Ttem 1.

Action No. 8: Tt was regularly moved and seconded that the

minutes of the Erevious meeting be acceEted as read. Motion
passed unanggﬂuslz.

The meeting was then adjourned without setting a time for another
meeting. .

End of Minutes
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Appendices, continued.

B. Annual Report =-- NCAR Scientific Balloon Facility.
C. Institute D'Astrophysique Request for Ballooning Services.
D. University of California Request for Ballooning Services.

E. University of Rochester Suggestion for an Equatorial
Expedition.

- END -
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5 August 1965

Drre Le Delbouille
Universite de Liege
Institut d'Astrophysique
Cointe-~Sclessin

SELGIUM

Dear Dr. Delbouille:

Many thanks for your letter of July 29th, which has been received
while Dr, Roberts is away from the office. ile will be happy to see it,
together with the one from Dr. Migeotte, when he returns toward the

end of the month.,

Heanwhile, I have sent your letter and enclosures on to Dr,
Diniel P, Rex, who is Agsocilate Director of NCAR and Director of the

l'acilities Division. The decision as to the scheduléng of your ex-
periment will be in hands, so I'm sure you will be hearing from

Dr. Rex or one of his colleagues directly.

With best wishes,

Sincerely,

Stanley Ruttenberg
Assistant to Dr. Roberts

cct D. F. Rex
SR/es S

ffh Y A




UNIVERSITE DE LIEGE

INSTITUT D'ASTROPHYSIQUE
COINTE.SCLESSIN (BELGIQUE)

AUG 3 1965

29 July 1965,

Dr. W.0O0. ROBERTS
Director - National Center

for Atmospheric Research
BOULDER (Colorado)
U, S, A,

Dear Dr. Roberts,

Now back in Belgium, we have, Dr. Roland and myself, to
thank again you and your collaborators (in particular Mr., A, L. Morris)
for your excellent reception, the help and all the advices which have been
given to us during our last visit,

We have also visited the balloon facilities in Holloman Air Force
Base, and our opinion is now clear. The telemetry and ground command
possibilities offered by the NCAR do fit much better our experiment, so
we have no more any reason to hesitate. You will find, here enclosed, a

"more official'' letter signed by Prof. Migeotte, and applying formally
for NCAR collaboration to fly our gondola.

Confident that our pro,ect will be considered with attention, we

thank you again, and repeat that we will be pleased to receive you at the
Jungfraujoch.

Very sincerely yours,

L. DELBOUILLE

LD/jd.
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INSTITUY D'ASTROPHYSIQUE
COINTE-SCLESSIN (BELGIQUE)

30 July 1965,

Dr. W.0O. ROBERTS
Director - National Center

for Atmospheric Research
BOULDER, Colorado
.0, A.

Dear Dr, Roberts:

Drs. Delbouille and Roland told me how instructive has been
their visit to NCAR, and how good are the facilities of the Palestine base,

As you already know, we are preparing now, with the support of
the belgian government, a balloon-borne experiment to study the solar
spectrum, at high resolution, in the 1.2 to 3 microns region,

You will find, here enclosed, a brief report about these plans.
May | officially apply to receive the assistance of NCAR to fly our gondola,
at your best conditions ? We actually hope to be ready for a first flight at
the end of the autumn 1966.

NCAR telemetry and ground command facilities will fulfill
perfectly our requirements, enabling us, in fact, to increase the flexibility
and the efficiency of the first planned instrumentation.

If this demand receives your attention, we will be pleased, of
course, to provide you any suitable additional information.

7% Y

M. MIGEOTTE.,.

MM/ jd.
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Tentative report

Liege program of high resolution solar spectroscopy from a balloon

The study of the solar spectrum in the lead sulfide region (more
precisely between 1,2 and 3 microns) is an important problem. Some hydrogen
and helium lines appear in that domain, in addition to many other solar lines
of relatively high excitation potential, The Michigan atlas, recorded in 1949,
1s still the only publication covering the parts of this region that we can reach
from the ground, Its resolving power of about 30,000 (0.1 cmtl) is not suffi-
cient to give the possibility of studying the profiles of the majority of the solar
lines and it scems now feasible to remap the same regions, from a high altitude
station, using the latest possibilities of cooled PbS cells and "echelle' gratings

of high efficiency. We plan to start such a program in about one year, using

the facilities of our laboratory at the Jungfraujoch station,

However, it will be very useful to extend the same kind of observa-
tions to fill the "gaps' in the Michigan atlas due to telluric water vapor bands,
A high altitude balloon is a powerful tool for such a study, in spite of the fact

that many water vapor and carbon dioxide lines will still appear in the records,

We must insist on the importance of reaching the highest possible
resolution. Solar physicists are now much more interested in lines profiles,
and 1n center to limb variations of these profiles, than in the simple detection
of new solar lines with insufficient resolution, In any case, a high resolution

will also help to resolve the blending of solar and remaining telluric lines,

It is possible to estimate that a resolution of about 100, 000 will be
necessary to reach with sufficient accuracy the profiles of the majority of
infrared solar lines, Actual gratings (single passed) have a theoretical resolu-
tion of the order of 150, 000 at 2. 5 microns and 300,000 at 1.25 micron, but it
seems difficult (even with the Jungfraujoch installation) to reach easily these

values, the limitation being given by the insufficient sensitivity of the detectors,

We have thus decided to design a balloon-borne equipment able to
give the actually highest possible resolution, with a solar image of 50 to 60 mm

in diama=2ter, as needed by the plans to study center to limb profiles variations.




We have had contacts with a few european colleagues : Dr, de Jager
(Utrecht), Dr, Neven (Brussels), Dr. Miiller (Geneva). They are interested
in our effort to design such an equipment, and they plan to use later on our

gondola, in collaboration, to study specific problems,

We shall use a 35 ¢cm diameter Cassegrain reflector (see fig. 1,
mirrors M&. M3, M4 ) installed vertically in the gondola and receiving the
solar radiation from a plane mirror (Ml) accurately guided by a servome-
chanism to maintain the solar image fixed. The entire gondola will be oriented
in azimuth by a flywheel actuated, from simple commercial sensors, with an

accuracy of a few degrees.

The orientation in declination and the fine guiding in azimuth will be
obtained in moving only the relatively light plane mirror, The spectrometer,
installed also vertically, parallel to the telescope, will be an Ebert-Fastie of
2.5 meters focal length, equipped with a Bausch and Lomb "echelle'" grating of
102 x 208 mm, working at 63°, double-passed with an intermediary slit. It will
use a mirror of 40 cm diameter and work at about F : 18, A good PbS cell,
cooled with ligquid nitrogen, will be used, to reach maximum resolution. In
some flights, a broad-band source associated with a fixed thickness Fabry~Perot
in an auxiliary optical path through the spectrometer will give fringes useful

for accurate interpolations of lines positions,

At the beginning, for the first flights, we shall probably not use a very
elaborate guiding system : to study the center of the solar disk, an accuracy of
. 5', which is easy to obtain, will be good enough, What we keep inmind is to
reserve, from the beginning, the possibility to add later ony various develop-
ments : association of a scanning Fabry-Perotinterferometer in serie with the
spectrometer, in order to obtain higher resolution to observe the profiles of

some solar lines and installation of a very accurate guiding system for center

to limb variations studies,




.

o coltect all the obtained information, we have decided to have
on-board storage 1n digital form, on magnetic tape. It will be very useful to
have the possibilitv to act, from the ground, on some parameters : gain and
time constant of the amplifier, scanning cpeed, order to skip part of the pre-
recorded program, to give some examples, To make it possible, a sufficiently
cood telemetry will be necessary, permitting to "see' immediately the spectrum

and associated with ground-command facilities.

The total weight of the equipment will be of the order of 1200 to 1800 Ibs

and we hope to be ready for a first flight in autumn 1966,
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University of California

Space Sciences Laboratory
Berkeley 4, California

September 3, 1964

UCBSSL No. 192

PROPOSAL FOR HIGH ALTITUDE
PARTICLE PHYSICS EXPERIMENT

Duration: Two Years

First year: $1,361,322
Second year: $2,454,018

Principal Investigator: Luis W. Alvarez
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cipal Investigator ~Chairman, Physics Dept.
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PROPC 111G ALTI TUDE PARTICLE PHYSICS EXPERIMENT

L. W. Alvares, W. E. Humphrey

I. Introduction

Until about ten years ago, the discovery of all unstable '""fundamental

particles' had come from cosmic-ray experiments. The pion, the muon, the

K mesons, and the three hyperons (A z , and = ) were all seen first in cosmic-

ray experiments. In the past ten years, large accelerators have almost com-

pletely supplanted the cosmic radiation as a source of particles for studying the

fundamental interactions.' Cosmic ray physicists have for the most part aban-
doned their studies of the interactions of the particles and have concentrated

their attention on the cosmological aspects of the radiation. This situation has

arisen from the well-known fact that artificial beam intensities in the 1-25 BeV
energy region far surpass those available in the cosmic radiation.
The situation in the 100-10,000 BeV energy range is strikingly dif-

ferent. There is no artificial intensity now available and none as high as 300

BeV will be available for the order of ten years. It has generally been thought

that the cosmic ray intensity available in this region is so low as to make ex-

periments with '"natural beams'' quite unattractive. We believe, because of the
almost simultaneous emergence of a number of seemingly unrelated techniques,
that cosmic-ray experiments of a meaningful nature in the range 100-1, 000 BeV

can be carried out in the upper atmosphere at altitudes around 100, 000 feet. ()

[I. Proposal

The environment mentioned above is accessible by balloon and affords

tlux densities which are useful in terms of present-day high-energy-experimental

lechniques. We propose to build and fly a balloon experiment capable of making

Mcasurements of the momentum of the '"natural beam' and preliminary studies




.

of proton-proton interactions in the energy range above 100 BeV.

In concept this experiment is a return to a rich and abandoned lode
with the new tools of the past decade. These new developments offer a refine-
ment in precision in compirison 10 traditional cosmic-ray experiments which
will make possible‘ more detailed studies in and beyond the energy range now
planned for exploitation with accelerators to be built in the next decade. In
this context the experiment can reveal the gross features of the high-energy
physics of the immediate future and, at the same time, perhaps provide helpful
guidelines to the design of the machines being planned. In a broader context
the realization of this experiment will form a basis of technique and experience
for the further practicable exploration into regions of even higher energy.

The initial cost (see Appendix 1) of the proposed prografm is small in
comparison to that of the currently-known method of artificially producing high-
energy-proton beams or, even, of studying proton-proton inte ractions at very,
.ol energies with storage rings. (2) [ts projected operating costs, in terms

of '"dollars per event measured'', are of the same order as those of present

practice at lower energies,

[II. Physical Description of the Experiment

Before discussing what kinds of experiment might be done at high
altitudes, let us first examine, in a general way, the propo'sed arrangement

of the experiment, and then take stock of what is available in the upper atmos-

phere for an experiment.

A. Experimental Arrangement

A system which fulfills the criteria of the previous section is
shown schematically in Figure 1. It may be divided functionally into two parts.
The '""beam'' portion utilizes the Cerenkov threshold effect in gas at

low pressure to detect the passage of a proton of energy greater than 100 BeV.
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This enables one to discriminate against unwanted particles at lower energics

by using the Cerenkov detector output as a firing pulse to wide - ap spark

chambers in the "experiment' portion. The three principal features of the
"experiment' section are.

| 1. The analysis of the momentum and direction of an incoming
proton obtained by recording its orbit in a transverse magnetic field, The

analysis is done by the use of a combined spark chamber/emulsion stack tech-

nique which identifies the proton in time and space.

2. The provision of a two-meter liquid hydrogen target for

p-p interactions,

3. The display and recording of the trajectories of the inter-
action products which result from the traversal of the proton by using 2 wide-
gap spark chamber in a second, transverse magnetic field.

After a flight the spark chamber photographs are scanned and mea-
. sured. Data from the upper chambers give a rough estimate of the momentum
of the proton. For those events where greater pr:rscisinn 18 desired, the emul-
sions may be scanned. From a knowledge of the proton's initial direction and

momentum and data from the interaction chamber films, the vertex can be re-

created and the interesting properties of the interaction products computaed,

.....

During its flight the system functions automatically and reports the

relevant details of its operation to a ground base, A typical balloon flight will
probably last about 24 hours. The anticipated duration of the series of balloon
experiments is from three to seven years, depending on how well the experi-

mental results live up to the optimistic forecast.

B. Nature of the Primary Radiation

The particle "beam'' consists of the natural cosmic rays at the

busioon altitude, At altitudes in the vicinity of 100,000 feet, the cosmic rays

i — i S, e
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arc principally primary protons of energy greater than 10 BeV. The Cerenkov
trigger system eliminates energies less than 100 BeV, and in the experimental
arrangement described above, the flux of particles through the system will be
about 10 min"~ ', ’

The intensity of primary protons in the energy range above 100 BeV
is usually expressed in terms of an "integral {lux", Jo, where J . 1s the num-
ber of particles per mzr'n;2 per steradian per second with energy greater than E,.

The flux, Jgpr» as a function of E, is shown in Figure 2. Over the range of in-

terest the flux is given approximately by,

with E in BeV. We now introduce a term which is common in the cosmic-ray

literature: the geometrical factor is the product of the detector area and the

cifective solid angle of the detection system. If we have a flux, JE' and the

geometrical factor, G, the counting rate, RE' is given by,

-1
RE (E) = JEG events s

For our experiment (which we have not yet optimized for counting
rate) we have an effective detector area of . 4 m® and a solid angle of , 025 sr

. . | 2 . ,
(sce Figure 5). This gives a G factor of 100 cm ™ sr and a counting rate ior

protons of energy greater than 100 BeV (JIOOM L. 'S 10-3) of,
RE (> 100 BeV) = 0. 25
which is about 15 minﬂli Allowing for the inefficiency of the Cerenkov trigger

and attenuation of the primary proton before reaching the target, the proton
{lux through the hydrogen target should be about 10 min_l. To put this number
.to proper perspective, we note that the 72-inch Hydrogen Bubble Chamber at

LRL, Berkeley, pulses 10 times per minute and that it has operated usefully
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for long periods of time with approximately 3, 6 K mesons incident per picture,

yiclding a particle flux of 35 minﬂl.

We allow this flux to traverse the liquid hydrogen target, chosen because
oif the resulting great simplification in experimental interpretation. The target
1s two meters long and the prﬂbhability of interaction is about 20%. We therefore
expect to observe about two interactions per minute or 3, 000 per 24-hour f{light,
Because of the character of the cosmic-ray spectrum, about 600 of these inter-
actions will involve protons of energy grecater than 300 BeV, and about 100 of
them will involve protons of energy grcater than 1, 000 BeV.

The mean free path for high-energy-particle inter:actions in .the atmos-
phere is about 50 gm cr;'n_z so it is imperative that the experiment be performed

at ""balloon altitudes'. The density of liquid hydrogen is . 07 gm cm*?’ and our

y target, therefore, has a surface density of 14 gm cm"z. At 100, 000 feet alti-
tude, the remaining air mass has a surface density of 9 gm cm-z. 'Comparing

. these densities with the atmospheric interaction length of 50 gm i:m-lz. it 1s
obvious that no useful purpose would be served by going to higher altitudes. For
these reasons, we will consider that the normal ballon altitudes of 85-100, 000
fcet are adequate for the experiment.

In addition to the proton flux, there is also an alpha particle flux of

about 7% the intensity of the proton flux with about the same energy distribution

4

Il' in terms of energy per nucleon, (3) Other heavier cosmic-ray components are
r - o

. well below 1% of the proton flux. All cosmic rays heavier than protons should
be casily identified by the large pulses they produce in counters,

In summary, then, the effective cosmic-ray '"beam'' can be thought of

i

’l' 45 three beams; a 10-per-minute, 100-800 BeV proton beam, and the weaker

L_ «lpha particle and 1,000 BeV proton beams. These components of the beam may
4'} bt scparated and the momentum should be known to 10% or better for most par-

: ‘iwics, The nature of the beam can be altered in later flights by insertihg into
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it target oo Jiter to produce o secondary meson and hyperon becams., The obvious

way to do (& 18 v the experiment under a few interaction lengths of atmospherc

-= say around 75, 000 fect., The principal difficulties with this idea are the large

ciectron background which might plague the Cerenkov trigger device, and the

problemy of identifying the secondary particles.

C. Purpose of the Experiment

Studies of cosmic-ray interactions in nuclear emulsion reveal
scveral interesting properties. One striking effect is that the average trans-
verse momentum of secondaries is very close to . 3 BeV/c, independent of the
cnergy of the incident primary particle, (4. 9) Another interesting fact is that
the inelasticity of the interaction (energy lost by the primary proton) is about
30% at the lower energies, decreasing as the energy increases. (6) Also, the
interaction length is fairly independent of primary energy and is around 50 gm
cmiz.

The secondaries usually have energies well below 1 BeV in the center

(4)

of mass system. Although interactions taken as a group appear to be sym-
metric with respect to a plane normal to the incident particle, the individual
interactions are sometimes quite asymmetrical, (3,7) More deta‘iled know -
ledge than this is very hard to obtain with conventional emulsion techniques, (7)
There are several reasons for this,.

l. The analysis of events depends strongly on the knowledge of the
momentum of the incident particle in order that the transformation to the
center of mass may be carried out correctly. With previously used emulsion
techniques, the energy of the incident particle may be uncertain by ‘as much

(8)

45 a factor of four.

2. The method of detection of the events is highly biased in favor

~vents with high multiplicity of secondaries which produce showers
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that scrve as the signature of an intt:ra{:tiﬂn.(“

3.  The target particle is unknown,
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- siC CXperimental techniques outlined in this proposal largely over-
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come all of these deficiences. The next closest present solution tothese dif-

ficulties is tac work of the Russian group at the Pamir cosmic ray station done

with cloud chambers and total absorption proportional counters on a 3900 meter

(9)

mountain, Even these cxperiments have about a 30% error for the energy of

an incident particle and a rate of 4 x 10-4 events per minute with a LiH target
i . 10 interaction length, We expect a four order-of-magnitude increase over
this in our experiment using the . 25 interaction length hydrogen target.

The energy region we propose to study is of particular interest,
Above 1,000 BeV, the proguction of secondary particles can be described

phenomenologically by the reaction:

| |
N1+N2-—-s N1 +1"\T2+F1+F2

where N1 and N2 are the original nucleons and Fl and FZ are '"'fireballs' or

: '
clusters of mesons which trail behind the final nucleons, N

| and NZI. The
fireballs are considered to break up isotropically in their center of mass, (10)
In this model, anisotropic secondary emission can be explained in terms of
one fireball being weak or absent. The interesting thing about the energy
dependence is that below 1,000 BeV, the fireballs appear to separate so
slowly that they can interact with each other or form a '"dumb-bell''-shaped
fireball. Both the distinct fireballs and the fused fireballs could be studied
with the proposed experimental techniques. Although the fireball model is
pure phenomenology. there are several other theories on a more sound theo-

retical footing which, under the proper assumptions, are believed to reproduce

the general predictions of the fireball model. i) The fireball model describes
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only a portion of the obscrved cvents, and even those which are characterized
by the fireball hypothesis show deviations. One such deviation is the frequent
appcarance of a pion which accompanies one of the nuclcons after the interaction,
This pion is thought to be the decay product of a nucleon resonance produced in
the interaction, Therce is clearly a great deal yet to be learned about the inter-
action mechanism for proton-proton collisions in the 1,000 BeV energy region,
The above parz;graphs serve to suggest that the present proposal would
allow an analysis of cosmic ray events along conventional lines, but with far
more precise information about cach interaction, which could be used to test
the several existing models for cosmic ray interactions. Iﬁ addition, there are
numerous other experiments proposed for super-high e.nergy accelerators that
(12)

would also apply to balloon experiments. More than likely, this would be |

merely a starting point, and the ability to examine events in detail not pre-

viously available in a relatively unexplored energy range would bring to light

new phenomena requiring further investigation.

[V. Experimental Techniques and Decsign of the Experiment

The experiment we propose to build is a complex under-'takin,g and has
a strong devellopmental aspect, inasmuch as some of the techniques planned for
it are novel and some of its components will have to be carefuliy designed and
modeled in prototype. In this section we describe the elements of the experi-

ment and examine the pertinent developmental problems of each from the stand-

point of physical and engineering plausibility. The design we present is by no

mceans a final one, ‘but shows that it is possible to meet the éxperimeﬁtadl
viteria within the weight and evnironmental constraints, Allthc:ugh it will be

wwcessary and desirable to make use of computer solutions in the -final design,

we believe that such a study will present no essentially new results to the analysis

Jtesented here.
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A. The Cerenkov Trigger

e —— .

‘ One basic problem with cosmic ray balloon experiments is the
large flux of low encrpgy (10 1o, 100 BeV) protons that are of little interest and
must be rejected. We proposce to make use of the Cerenkov light of a proton
passing through gas in order to discriminate against the low energy proton
background. For the balloon altitudes at which our experiments would be exe-
cuted, the Cerenkov ligixt from the atmosphere has a threshold at a proton
encrgy of about 300 BeV. Although this atmospheric Cerenkov light could
probably be used as a trigger for protons in excesslnf 300 BeV,(13) there are
several advantages to using a gas other than air. By using a gas of relatively
high index compared to air (for example, butane or carbon tetr#chloride). the °
Cerenkov threshold energy can be reduced to about 100 BeV for protons. There
are two big advantages to using the lower 100 BeV threshold. First, there is a
far larger flux of particles at the lower proton ecnergies, and the proton inter-
. actions are still of interest in this energy range. Second, the increased index
of refraction results in about a five-fold increase in the photon yield of the
particle,
The increased photon yield makes practical a fully enclosed Cerenkov
counter of reasonable dimensions., Protons having an energy appreciably above
the 100 BeV threshold (say 200 BeV) will yield a sufficient quantity of photons

in passing through 10 meters of gas to produce about 6 photo-electrons at the

cathode of a photomultiplier, which is sufficient for reliable triggering. (Lf

the Cerenkov threshold is 100 BeV, then the trigger efficiency actually rises
to 75% of its maximum efficiency at 150 BeV. The index of the gas can be in-

creased to give an effective 100 BeV cutoff, together with a slight increase in

the photon yield over that used in these calculations.) The figure of 6 photo-

vlectrons is achieved through the use of a light collector consisting of alumi-

nized mirrors, and a photomultiplier with a fused silica face (in order to make
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ull use of the ultraviolet-rich Cerenkov light) (Sce Figure 1), For a 100 BeV
threshold, the maximum half angle for the cone of Cerenkov light is 10 milli-
radians; which is small comparcd to the angle of acceptance required for the
svrotons.  Therefore in the design of the light collection optics, it is possible
o treat the Cerenkov light as thﬁugh it has approximately the same direction
as the proton. The first mirror serves to image the exit aperture of the ex-
perimental train onto collin-lating stops, so the Cerenkov light is only collected
irom protons which would pass through the entire apparatus. The required
mirror surface is a hyperbola of revolution. The second mirror (an ellipsoid
of revolution) serves to further concentrate the light onto photomultipliers
located at an even smaller image of the exit aperture. The demagnification
of the exit aperture at the photomultiplier is about 7 to 1, so that a 4 inch
diameter photomultiplier would detect protons traveling toward a 28 inch dia-
meter aperture at the exit aperture,

The principal source of background for a Cerenkov trigger is electrons.
Electrons of 50 MeV energy or greater can trigger the system. The electrons
can be discriminated against by placing a radiation length of lead in front of a
scintillation counter and detecting the shower produced by an electron. However
this technique is only effective for eclectrons with energies in excess of about
500 MeV. The lower energy electrons can be eliminated by deflecting them out
of the "beam' in a magnetic field such as the one that is proposed for mementum
analysis of the protons, Cosmic rays below about 10 BeV would be deflected by
the earth's magnetic field, so the electron background would consist of electronﬁ
produced by proton interactions in the atmosphere above the balloon.,

To further reduce accidentals, the Cerenkov trigger w:nuld be used in
coincidence with scintillation counters just below the Cerenkov light collector

and just above the hydrogen target. The counter in front of the target could also
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be used to discriminate against particles which interact in the apparatus above

L

the target, by detecting a scintillation pulse in excess of that for a single re-

—————— i E——

lativistic particle: The clectronics tor the Cerenkov counter photomultiplicer
should be fairly fast (about 10 nanosccond time resolution) up to the pulse height
discriminator, which should be set for two or three photoclectron pulses. There
is one 5-inch tube (RCA-C70133) that has extended response in the ultraviolet
and good time re solution which might do, but quartz-faced 2 inch tubes are
available with higher sensitivity in the far ultraviolet, and seve?al such tubes
connected in parallel would be suitable for use, at least until a special tube
could be fabricated. A quartz faced tube may not be necessary if a ''wavelength
shifter' is used to convert the ultraviolet light into visible lightl.(lqt)

The important practical details that remain to be investigated are the

properties of the gas which produces the Cerenkov light and the construction of

the light-tight Cerenkov gas container. The gas must be tested to determine

that light produced by protons through ionization and recomibinatiﬁn is suffi-
ciently small to neglect. Naturally, precautions should be taken to, blacken
everything possible in the light collector in order to absorb such isotropically
emitted light. The gas must also be checked for transparency in the ultra-
violet region. The transmission for carbon tetrachloiide has been reported

in the literature and is satisfactory, but the transmission, and even the exact
index of refraction of butane gas must be established. The Cerenkov gas en-
closure can be a light structure because the Cerenkov gas is used at approxi-
mately local atmospheric pressure. Samples of mylar-aluminum balloon
material have been looked at and are probably adequate for the walls of the
cnclosure, The Cerenkov gas pressure might be used to support the enclosure
in the form of a balloon. An alternate light tight enclosure could be fabricated .

' i the form of a bellows-like bag of opaque material. The support cables which

attach the experimental apparatus to the balloon would also serve to shape and
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support the light-tight bellows, The overall weight of the Cerenkov trigger

should not exceed 500 pounds,

B. Spark Chamber - Emulsion Techniques

In the encrgy range of 100 to 1000 BeV, multiple Coulomb
scattering is greatly reducced over that normally dealt with in accelerator
cxperiments. In order to take advantage of the potential increase in pre-
cision of angular measurement, new techniques must be developed that are
capable of measuring angles of the order of a few microradians. We propose
that a likely method for accomplishing these measurements is through a union
of spark chamber and emulsion techniques. Va2 The orbit of a particle can be
roughly established (to a fraction of a millimeter) by photographing several
spark chambers along the orbit., The precise orbit may be then established

‘

by looking in emulsions located along the particle orbit for tracks having the
position and orientation predicted by the spark chamber photographs. Flights
of about 24 hours would be practical with emulsions, Longer flights would
result in increased difficulty of analysis due to a large number of background
tracks in the emulsion. The spark chamber serves to provide time resolution
and reduces emulsion scanning to a simple operation, while the emulsions pro-
vide micron accuracy in measuring the particle orbit. Figuré 3 illustrates
a possible combination of spark chambers and emulsions.

The ease with which the desired track may be identified from the spark
chamber information depends,on the number of background tracks. The total
p

| | 2 .
primary proton flux is about . 2/cm ™~ -sec. -sr, or about 1700/cm”-sr in a 24

hour flight, Secondaries from interactions in the upper atmosphere and in the

apparatus will double or triple this figure. Take as a working figure about
4000/cm " -sr in 24 hours. [f the position is known to . 5 mm and the angle in
the emulsion is known to a degree or better (distortion of the emulsion in pro-

cessing limits the angular resolution), then the background (B) expected for a




-

S oaour flight in this cell of phasc space is

IS

({lux) (area) (solid anglﬂ)l

(4000) (-4)% (&)

1

I

.12 background tracks

rea "t

s estimate 1s an uppoer limit to the background., There are scveral ways to
reduce the background problem.  One way is to include an additional fourth
cmitision plate after the set of 3 emulsions that would normally be used. Any
ambiguous tracks found in the {irst three plates would predict a position in the
iourth plate to micron accuracy, and a coincidental track in the fourth plate
would be orders of magnitude less likely than in the previous plates. The
fourth plate need only be examined in casc there is an ambiguity in one of the
first thrce plates. Another trick which could be employed would be to use

double emulsion plates arranged to slide against each other under the control

of a clock drive. Since the time of the interaction is precisely known from

the trigger pulse, it is possible to position the plates as they wereﬁ at the
instant the particle passed through, and dectect the correct particle by éeeking
the track which is unbroken at the interface of the emulsion in the region of
the emulsion predicted by the spark chambers. Another obvious way to re-
duce the background is to refine the positional prediction in the emuision and

to improve the angular resolution in the emulsion in order to reduce the size

of B. In this regard, recent reports of wire spark chamber performance are
encouraging. Wire spark chambers avoid the problems of opticaLl recording
techniques and their many sources of distortion. The angular resolution might
be improved by the use of emulsions which are thinner than the standard . 6 mm

nuclear emulsion (say . 3 mm) and by the use of glass plates with emulsion on

both sides of the plate., The latter approach of using two sided emulsion plates
. s a very attractive arrangement because the angle is then known to a small

(raction of a degree by examining the position of the particle before and after
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This estimate is an upper limit to the background. There are scveral ways to
reduce the background problem.  One way is to include an additional fourth
ciitision plate after the set of 3 emulsions that would normally be used. Any
wmbiguous tracks found in the first three plates would predict a position in the
iourth plate to micron accuracy, and a coincidental track in the fourth plate
would be orders of magnitude less likely than in the previous plates. The
fourth plate need only be examined in casc there is an ambiguity in one of the
first thrce plates. Another trick which could be employed would be to use
double emulsion plates arranged to slide against each other under the control
of a clock drive. Since the time of the interaction is precisely known from

’ the trigger pulse, it is possible to position the plates as they were. at the
instant the particle passed through, and detect the correct pérticle by éeeking
the track which is unbroken at the interface of the emulsion in the region of
the emulsion predicted by the spark chambers. Another obvious way to re-
duce the background is to refine the positional prediction in the emulsion and
to improve the angular resolution in the emulsion in order to reduce the size
of B. In this regard, recent reports of wire spark chamber performance are
encouraging. Wire spark chambers avoid the problems of Opticai.l recording
techniques and their many sources of distortion. The angular resolution might
be improved by the use of emulsions which are thinner than the standard . 6 mm
nuclear emulsion (say .3 mm) and by the use of glass plates with emulsion on
both sides of the plate. The latter approach of using two sided emulsion plates
s @ very attractive arrangement because the angle is then known to a small

iraction of a degree by examining the position of the particle before and after
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traveling [hl‘uu;;l. the ;;L’lh:a. with f::asunlially no corrections neccessary since
the glass is relatively distortion free,

As an example of the momentum resolution attainable 'by emulsion
measurements, consider the arrangement of Figure 3 for the case of standard
nuclear emulsions (0. 6 mm thick) supported on glass plates.3 mm-thick. The
crror in determination of the momentum can be attributed to the uncert#inty
of the sagitta measurement. One source of sagitta error is the m_ea:surement
of the track coordinate, which can be done to one or two microns., Another
source of error is the mechanical stability of the position of the emulsions
with respect to each other, and this is probably also of the order of a few
microns. The remaining source of error is scattering in the central emul-
sion plate. The plate has a nuclear intecraction length of only about 1 g/cmz.

so that nuclear interactions will be rare (2%), and undetectable interactions

will be much rarer still., For these reasons, only the Coulomb multiple

scattering will be considered. There is a "tail" of large angle single scatters
for the case of Coulomb scattering, but for the most part, the rms sagitta
error (in cm. ) will be given by :

3,14

P

particle momentum in MeV/c. and

As = where p

Y.

emulsion separation in cm.

I

The expected sagitta (in cm. ) 1s

"
5 = _E‘ﬁ—_ (. 3H) where H is the magnetic field
(uniform, in kilogauss)
[t is interesting to note that if the only source of error were Coulomb scat-
tering, then the fractional momentum error would be independent of momentum,

as given by the formula

Ap As "
P
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This result is valid up to momenta at which the sagitta measurement error

comparable to the false sagitta from Coulomb scattering, so it would be

7
reasonable to choose L to give approximately equal measurement and Coulomb
crrors at the higher uscful momenti. As an example, for L =50 cm, and
6 | P |
p=10 McV, as = 1.5 microns. Taking the combined sagitta error to be

about 3.5 microns, and assuming a magnetic field of 3 kilogauss, the momen-
i is determined to better than 8% for all protons having a momentum less

than 1000 BeV/e.

C. Wide-Gap Spark Chambers

The widé-gap spark chamber, or '"'discharge chamber', re-

(5)

cently developed by Alikhanian and his collaborators, triggered by a pulse
from the Cerenkov trigger, completes the experimental train in the balloon

load. This type of spark chamber appears to be able to provide spatial reso-

lution comparable to that of a hydrogen bubble chamber.

)

Spark chambers of this type have been built by Strauch(lé at Harvard,
and their performance is excellent in all respects. His chambers have the
form shown in Figuré 4, They are sensitive for 5 p sec and require no
clearing field. The pulser 1s a Marx generator using 15 standr;rd '""color
television' capacitors charged in parallel to 30 kV and discharged, by spark
gaps in series, at 450 kV. The light intensity is high enough for photography
at 1/45, so a good depth of focus can be obtained. Strauch“b) advises taking
two photographs, one at f/45 and another at f/12, on the chance that fainter
tracks may also be present, He shows pictures with about 20 tracks of good
quality in the chamber simultaneously. Tracks can branch, as shown in the
left-hand side of Figure 4. He compared the measured momentum of cosmic-

ray particles in the upper and lower halves of a 32-inch high-double chamber

and found the RMS deviation at 1 BeV/c to be about 1.4% in a 15 kG magnetic
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hicld, This is quite comparable to modern bubble chamber standards.

We plan to usce these chambers for detecting secondariés of the inter-

R, o 16 | 0
actions, Struuch( ) reports that tracks can be scen up tor 40 from the clectric

lield dircetion. Assuming § = | for sccondaries in the center-of-mass system
(4)

the median angle, Om' for sccondarics is given by

m

0., = Va2m_c2

— -

Ep

where the subscript "p'" refers to primary proton. For 200 BeV protons, Bm
is about 6°, and the detectors should have good geometry fﬁr most secondaries
from an interaction in tl‘.;e hydrogen target. (Actually, the motion i{'nparted to
mesons which leave a fireball that travels backward in the center of mass is
such that occasional particles come off at angles of 50° or more in the labora-
tory system, This is a reason for considering thinner targets such as a LiH
target. (See Appendix II)

Evidently there is a good deal of develc;prﬁenf work being done on
these chambers and our major effort will be one of adaptation to the problem
at hand. One interesting developmental experiment will be seeiﬁg'if the cham-
bers will operate at 230° K, the temperature of the stratnspl;eric environment
or, imiclcd, if they will operate at cryogenic temperatures as a step in simpli-
fying the design of that portion of the experiment.

D. Superconducting Magnets

Magnetic fields are used in this experiment to provide a means
of analyzing the momentum of the incident proton and of interaction products
from the target. Becausec of power and weight constraints, these magnets
must be superconducting.

- . + 5§ B
Since 1961, when Kunzler and his collaborators stimulated great

interest in superconducting magnets by developing wire cored with a high-{ield
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superconductor, Nb Sn, muany uscful coils have been wound, Thoese rriagrnets,

}
operate lossleusly, utilizing the effect that, at sufficiently low temperaturcs
and below a critical value of appliecd magnetic field, high-ficld superconductors

nave vanishingly small de resistance and support high critical current densitics

5 -c s : _ - B
A cm 7). Though the application of this effcct has been far less direct

(-~ 10
than this simple statement would imply, the physics of high-ficld superconductors
is now cssentially understood, at least in phenomenological terms, and there arc

in fact six firms cngaged in the commercial production of small research mag-

nets up to 80 kG.

An carly attempt to account for the discouraging critical current degra-
dation observed in superconducting magnets was made by Mﬂntgﬂmeryua) and

(19)

by Chandrasckhar and Hulm who introduced the idea that the degradation

was dependent on the size of the magnet. This idea reached the status of a
theoretical model by Smith and Rorschach (20), but has been discredited in

(20)

experiments of Coffee and Gauster and, indeed, by the general experience

of workers in the field., The most outstanding testimony to its inapplicability

1s provided by Koii(Zl), at Loockheed/Palo Alto, who has wound large-diameter

hoop coils as part of an Air Force sponsored feasibility study to provide elec-
tron shielding for the Agena vehicle., His largest coil is six feet in diameter,
has 33 lb, of 10 mil 3NbZr windings, and performs comparably with small
coils (field at origin, B, = 800 G, field at windings, Bs = 20 kG, critical

current, IC = 18.5 A).

Large values of integrated field are required to resolve the range of
momenta under study in this experiment. I[nasmuch as the necessary counting
rates dictate the use of a large aperture, the field strengths needed are low,

Supertanducting magnets producing relatively uniform fields are planned.

There are four reasons for this design:

(1) An important benefit of field uniformity in a large-gap magnet is
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the weight reduction that results from the lowering of the ficld at the windings
and the subscquent relaxation of the motor forces on the windings, If we con-
sider two simple examples of :nn’gmri producing the same ficld, BO' at the
origin, a currcnt loop and a uniform-ficld sphere, then the conductor mass
required for the spherc is 1. 18 that for the loop, but the mass needed to con-
strain the windings is reduced by 'a factor of B(]/Bs’ where Bs is the field at
the surface of the windings of the loop. In the coils under consideration this
involves combined conductor and constraint weight reductions of about 45%.
(2) A second, equally important consequence of lowering the winding
field is that one operates'the superconductor well below the so-called high-
field region where its useful application is just emerging.' Thelrefore. we

have the comfort of not having to hinge the success of the experiment on the

development of 100 kG techniques.

(3) The use of uniform fields tends to minimize the effect of rela-

.ve displacement of components in the system and reduces errors.

(4) The uniformity also reduces the computation and errors in the
data reduction by increasing the order of the corrections which must be
applied. In operation, the two magnets will first be precooled with liquid
nitrogen and then, if practicable, with liquid hydrogen (the enthalpy to be
removed is 102 MJ ). Liquid helium will then be introduced and, when cold,
the magnets will be energized. Before the flight begins they will be shorted
with a thermally-activated, superconducting or '"persistent' switch. It will
probably be necessary to de-energize the magnets before the vehicle returns
to earth and, in any case, one will have to provide a means for pr.otecting the
magnets and equipment affected by their ficlds in the event s;upercanduétivity

is destroyed and a magnet '"quenches'. Before discussing the dissipation of

the stored field energy of a large, superconducting magnet, let us get a feeling
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o Ate plausibility in this application,  Although the magnets ultimately de-

signed for this experiment need only take some approximate form of the
general cllipsoid and may have access holes at the poles for photagraphy
and, possibly, beam windows on the ecquator, we will consider a simple
example of a large-gap, uniform-ficld coil,

The 1.5 m-diameter, 15 kG field required for the 1 m-square
wide-gap spark chamber is produced by a spherical magnet wound with

10 mil-diameter 3NbZr wire supporting a winding current aenéity. J

wl
of 2% 10% A cm'z. The gap field (in practical cgs units) is given by;
o BTertO
0 30
oriented along the polar axis, 0 = 0, and the coil has a radial winding

thickness of
t ¢ sin B
O

The mass of this shell is given by

151TBa2p
O O

M =

4Jw

Whereas a_ is the mean radius and p is the density of the windings. In
the example under consideration, the coil mass is 690 1b. of which 440 1b.
is superconductor, the balance being divided between copper-cladding on
the wire (140 1lb) to help protect it and stabilize its operation against ''flux
jumping'', and high thermal conductivity epoxy and glass filament to bond
the structure.

The stress analysis of the spherical magnet is complicated by the
finite thickness and strongly anisotropic character of the wire-filament-
cooxy composite. Fortunately, the maximum stresses which arise are

comparable to those found in current experience and well within the limits
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of the materials, "he motor forces on the conductor, averaged over the
shell thickness, arce radial outward and tangentially directed toward the
cquator, We rernolve these into components normal and parallel to the

polar axis and assume that normal component is locally supported by the

conductor. The resulting hoop stress, s, is given by

2

5 B% 7 2 .2
8 2w —{c}—ﬂ- (sin” 0 + 4 cos 0) dyne-cm

4

This stress has a maximum value of 2.8 x 10" 1b wt in'z at the 1:;01es

(where the conductor area tends to zero). This is about 139 of the yicld

L

strength of the wire.

The parallel component is supported by the shell and results in

a maximum attraction between the hemispheres at the cquator of

. &

. B a
s, = -9/8 Dgo_ dyne

which gives a compressive stress of 4 x 10°

lb wt in-z. This is about 1/5
of the low temperature compressive strength of glass filament epoxy. As
a result of this loading there will be additional hoop stresses, tensional at
the equator and compressional at the poles, having magnitudes of a few
thousand lb wt in~

On the inside face of the windings the local hoop stress in the wire
rises to 2.8 x 104 b wt 'mn2 and gives local sheer stresses as high as

%

1.6 x 10" 1b wt in_"". This is comparable to the sheer strength of the epoxy

and may require selected orientation of the glass filament. We plan to exa-
mine the problem of forces in detail, paying particular attention to local
stability and to the dynamic aspects, as it is very important that the super-
conductor be immobile with respect to the field. In keeping with current

practice, ignoring accessibility requirements, let us gain additional rigidity
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for the ot by winding it with 2 1b wt wire tension on the surface of a
sldilucus stecl pressure vesscel thick enough to provide clastic stability
against the collapsing pruﬂburd of the windings., This spherical shell is
. ¢ thick and weighs 230 pounds bringing the coil weight to 920 pounds.

Tae stored energy in the field generated by this magnet is 3.5 MJ,
[1 the wire carries 20 A, then the inductance is 1. 8 % 104 H. This offers
no problem so far as encrgizing is concerned; a 200V, 4 kW supply can
do it in about half an hour. If the magnet is de-cnergized or, in the worst
casce, quenches, the situation is not so pleasant, as one must avoid locally
annealing the wire or bringing the ficld down so fast so as to distort the
coils or adjacent apparatus,

The way to obviate the problem of quenching 1s to spread the dis-
turbance as rapidly as possible thermally ard, in the case of a large magnet,
let the field collapse at a safc rate. The torvmer can be accomplished by
providing high local thermal conductivity to a sink of high spc:ir:ific heat and
by breaking the coil electrically into many shorted sections so as to promote
the quenching generally by mutuzl coupiliing. The field can be made to decay
slowly by providing a very well coupled socondary of low resistance and a
short primary time constant so as tc decouple it from the energy. Fortunately,
this is easy to do in a large coil because the fraction of total volume taken up
by windings is small,

The time constant, ¥ of @ spherical shell of resistivity, y, with

a current distribution appropriate to the uniform iield does not depend on

the number of turns in the shell and is approximately given by

> B Famie”? Bgla. s o i0”? et .
o y\ ma _py :

where M is the mass of the shell of density, p. The 140 1lb of copper cladding

on the wire is an almost ideally -coupled sccondary, as well as being electrically
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and thermally intimate to the superconductor. If we assume the s¢ relation-
ships to be perfect so that the specific heat of the 3NbZr is available, then
the adiabatic dissipation of 3.5 MJ produces a temperature risc of 120°K.
Unfortunateiy, the change in the resistivity of the copper with temperature
implies a system time constant of about . 6 sec. This sounds rather fagt,
so we will take advantage of the nonlinearity of the dependené:e of resis-
Livity on temperature and add another 300 1b of copper to get a time con-
stant of about 10 s,

As we are constrained by the vehicle weight limitation, we will
assert that this solution is satisfactory, though we recognize that the
quenching problem constitutes a major devclopment area in building the
bigger magnet. When we have dealt with the lesser problem of decoupling
the primary and ensured the local protection of the superconductor, we
will examine the general effect of field collapse. If the 10 s. afforded by
<40 1lb of copper proves to be impassiblly fast, and something of the order
of minutes seems reasonable, there are two alternatives. We can keep
the copper in the temperature range of its residual resistivity by cooling
it with liquid hydrogen from the target. A 300 lb copper shell, surrounding
the windings for good coupling but thermally isolated from them, would
take about 45 s to dissipate the field energy and boil off about 100 liters

of ILH., a reasonable quantity in terms of the boiling heat transfer co-

5
efficient for hydrogen and the available area.

[f this is insufficient, we can try another metal, like sodium,
which generally surpasses copper electrically and thermally at low tem-
peratures and is about two orders of magnitude better in this application
recause of these properties and its low density. Taylortzz) at LRL, Livermore,
has studied the use of sodium for cryogenic magnets and reports obtaining

9

residual resistances of the order 10 ° ohm-cm in finished magnet assemblies.
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i we replace copper with sodium in the cxample of the previous paragraph,
3

O .

we get a (h’?thy time of about 4 %10

liw charging the magnet, any shorted turn will cause a dissipation
of energy at cryogenic temperaturces and lengthen the charging time. How-
cver, assuming unity coupling between primary and secondary, the energy

transfcr¥atio, Rw. 15 related to the primary and secondary time constants,

Tp and g and is given by,

R =

We merely need charge the magnet in a time long in comparison to the

secondary time constant to avoid this inconvenience.,

Another problem to be solved in the development of these magnets
is the one of quality assurance for the wire. At present it is practicable to
buy wire in 20, 000 ft lengths. Ior the bigger magnet this means about 100

. pieces of wire. It will be desirable to wind each piece into a solenoid
: capable of developing about 20 kG at 20 A, using a coil form designed as a

supply spool for the winding machine. Each solenoid will be tested at 4. 2°K
and then, having passed performance specifications, its wire will be wound
into the magnet. In order to keep the handling costs down, we will have to
work out simpler techniques for winding solenoids than tho#e in current

use. We plan to investigate the possibility of using multi-strand conductor,

though the economics of this decision depend largely on what kind of

warranty agreement we are able to reach with the manufacturers. The

1

present cost of wire is about $400 b " ; we have estimated material costs
. - 1 .
| for our magnets at $600 1b = to reflect the necessity of the assurance pro-
.
'_J,"I_ gram.
;J'
-

With the provisional assertion that the quenching problem can be

solved with the expenditure of an additional 300 1b of vehicle weight, the

¥
- —

=
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. magnet now weights 1,220 lbs. ithough it is not very clegant in terms of
engineering design, it is mechanically rugped and magnetically stable, and
it will work in principle. The ru*furc, it appears that superconducting mag -
nets can provide the needed values of integrated field and still be light enough

to be useful.

E. Liquid Hydrogen Target, Structure and Cryogenics

The essential problem here is first to design a strong, light-

weight cryostat that will provide the necessary environment and éupport for
the magnets and target and allow the inclusion of the spark cha_rnbers.

cameras, and other equipment. Then we must integrate this structure into
a vehicle which must not only have sufficient mechanical rigidity for the ex-

periment, but must maintain its integrity in response to the rigors of flight,

landing, and transportation. It must also be designed with an eye toward

the possibility of internal failure or even catastrophe.

In order to investigate design problems and get some feeling for
the weight of a vehicle which meets these criteria, let us again adopt the
simple engineering approach used in the design of the sphericai maénet in
the preceding section. We will construct the cryostat with st‘a.inless steel
vacuum walls, in the form of cylinders and spheres of sufficient wall thick-
ness to be stable against a pressure of two atmospheres, and use metallized
myilar '"superinsulation' on the cold vessels to control the radiation hea.t
load. This approach, shown in Figure 5, turns out to be crude "sta:.te of
the art' but serves to set an upper limit to the vehicle weight and, at the
same time, emphasizes that we need not go to the sophistication of space-

craft in our ultimate design.

’ The magnets are oriented as a quadrupole to provide rotational
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stability about the vertical. In this orientation the fields add, though the
contribution is only about 1%. To first order, this contribution results in
4 120 G gradient across the 3 kG analyzing magnet which does not seem
scrious in terms of the distortion of its shell. However, this is an effect
which must be included in the computer design of the entire system. The
hydrogen target supports the magnets. Thus a major source of heat load
on the helium is returned to hydrogen temperature and all the cryogenic
structures are tied together for mechanical ruggedness. As the vacuum
shell must be stiff to the atmosphere, we use its strength against members
in tension returning to the cold structure. The major support point for the
cold structure is the platform on which the Cerenkov detector reposes; this
is also the ultimate tie-point to the balloon. Lateral support for the target
and magnets is provided by tension members returning to stiffening rings
on the vacuum wall. The estimated weights of the components and struc-
tural members is given in Table 1. We see that the experiment seems
reasonable from this standpoint with a total estimated weight of 7,760 1b,
but the problem of landing is a little troublesome.

The vehicle will strike the earth in a more-or-less vertical
attitude and it is undesirable that it land on the vacuum wall. Figuré 5
shows a truncated tetrahedral pyramidal cage made from welded steel
tubing with the experiment hang_mg inside, supported by elastic members
for shock resistance. This design has the advantage that the balloon can
be tied to the cage and that, once on the ground, the vehicle retains some
of its vertical orientation and has little tendency to roll. It weights 600 lb,
but this figure can probably be reduced in design, or we can turn to other
possibilities, such as pneumatic pillows of multicellular structure.

Both the ground-surface and stratospheric heat loads on the cryo-

_:n.¢c components are given in Table 2. Fortunately, because the ambient
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temperature drops to about 230° K, the radiation loads decreasc to 30% of
the 300{:J K valuc and the conduction loads to about 75%. The heat loads con-
sist of radiation from the warm walls, support conduction, and conduction
along clectrical leads. All of these can be effectively counterflow heat-
exchanged with the boiloff of hydrogen, and in particular helium,

The winding support structure of the magnets also acts as a heat
cxchanger with liquid helium circulation in imbedded copper tubes fed by
gravity from a 37 liter storage vesscl near the upper magnet. This supply
is adequate for a 24-hour f{light, including ascension time. All liquid
vessels are pressurized to 1 atm absolute to keep the latent 'heat of vapori-
zation high in the low ambient pressure of the stratosphere and are pro-
vided with surge barriers to prevent liquid loss from possible sudden
deceleration during ascension. Hydrogen venting is done at a point well
removed from thé vehicle, and provision is made to jetiéon the target con-
tents before landing. The total LH2 enthalpy to 273° K is about 400 MJ, so

the most energetically economical thing will be to pressurize the target and

eject liquid directly, though this procedure, as well as the whole hydrogen

transport problem, deserves careful study.

F. Developmental and Operational Support

Having completed our discussion of the specific elements
of the experiment and the vehicle design, we will turn now to e'xamine briefly
a few relevant areas that have to do with the development and operation of
the experiment. Beyond noting that detailed problems relatiné to the opera-
tional support of the working experiment exist and have practicable solutions,
we will confine our attention to the development program and those areas
affecting it.

The experiment will be operational in two years. In order to achieve
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this we must complete prototype testing by the end of the fifth quarter.

A - R - —— =

Lvidently some clements of the expe rin';unt, the vehicle for examplc.' will
require hittle development and ':’ﬂay be designed in detail as soon as the
physical design of the experiment is completed. Others will require con-
siderable development or prototype cffort. Fortunately, most t_.':lf thq testing
can be done by '"flying'' the component in an environment chamber in the
laboratory. One exception to this is the Cerenkov trigger which depends

on the cosmic rays of the stratospherc for its complete evaluaﬁon, Thus

we must make early contact with the realities of balloon-flying. (See

Appendix II).

1. The Balloon
At the present time there are three commercial con-

cerns offering their services to balloon users. These campaniesﬁ will
handle all aspects of launching and recovery. As a rule of thumb, the
flight of a balloon with a volume of V million cubic feet costs about 2V
thousand dollars. This rate applies to simple balloon systems in the capa-
city range of about 1 million cubic feet, such as would be used in the first |
flights (see Appendix II). The larger and more elaborate balloon systems
such as would be required for some of the final flights might cost up to
100 thousand dollars. For orientation, the 5 million cubic foot Stratoscope II
balloon carried a 3-1/2 ton payload to 80, 000 feet and cost 53 thousand dollars.
We shall, therefore, assume that we do not have to become balloon experts
in order to use cosmic-ray protons as bombarding particles,

We expect to start making use of these services in the third quarter
to obtain data for the Cerenkov trigger development and we will establish a

field support effort early to handle these experiments and get familiar with

the general problem.




ADVISORY PANEL ON THE SCIENTIFIC USE OF BALLOONS

MEETING -~ 15 NOVEMBER 1965

AGENDA

1. Minutes of the meeting of 16~17 September 1964.

A copy of the minutes of the meeting of 16-17 September
1964 is enclosed, Appendix A. Acceptance of the minutes,
with any necessary corrections, is requested.

2. Actions on prior Panel recommendations =~ Alvin L. Morris

A summary of prior Panel recommendations and the action
taken on each will be given orally at the meeting. This is
to be given principally for information but the Panel is in-
vited to offer comments.

" 3. Annual Report -~ Alvin L. Morris

A copy of the Annual Report is enclosed, Appendix B.
The Panel is requested to review this report critically and
forward it to the Director of NCAR with Panel comgents and
criticisms.

4. Review of Facilitx activity in the current calendar year --
Alvin L. Morris

A resume of the activity of the Facility during the
current fiscal year will be given orally to bring the Panel
up~to-date. Key staff members wili be available to answer
questions, and Panel comments are invited.

5. Ballooning requirements -~ Thomas W. 8ilhorn

Requirements for scientific ballooning appear to be
changing. The Panel is asked to review the evidence of this
change, to be presented orally by Mr. Bilhorn, and to comment
on our interpretation of the evidence. Our future course will
be determined by our interpretation of stated and implied re-
quirements:; therefore it is important that our interpretation
be well founded and intelligent.

6. Azimuth stabilization and

startracker requirements -~ Jack
M. Angevine

e

Several users or potential users of NCAR ballooning
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2. Tclemetry
The enginecring problems associated with the trans-
mission of important {light and ;xpu rimental data from the vehicle are not
scrious, cxcept, possibly, for those rclating to altitude and power limita-
tions. Wece merely mention the subject because there will be an éarly need,

and more importantly, because ncarly every element of the experiment must

be considered in the design of the telemetry equipment,
3. Optics

Like telemetry, the optics planned for the experiment
are quite conventional. We will need several cameras using standard bubble-
chamber film, so that the data may be scanned on existing equipment. Possi-
bly one of the cameras will be used to photograph the spark chambers in the
~omentum analyzer and another will be used in conjunction with the wide
gap spark chamber to obtain sterecoscopic photographs. In the latter case,
we plan to provide polar access through the chamber magnet for photography.
(The recent rapid strides being made in '"filmless spark chambers' may

obviate the need for cameras to record the position of sparks in the upper,

narrow-gap chambers).

4. Data Analysis

For the most part, there are no major new problems
involved in the scanning or measurement of photographic records which are
recovered from a balloon flight. The wide-plate spark chamber will pro-
duce photographs that are easily scanned and measured on the standard
bubble chamber analysis equipment. Spark chamber photos of the type
required for use in the emulsion measurements need be measured in only
one corrdinate to moderate precision. Although this could be done on

standard bubble chamber measuring machines, it would probably be more
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ciiivient 1o build a special one-dimensional measuring device for this parti-

cular job. The emulsion measurement would require cquipme;nt designed to
position and orient the emulsion so that the desired track is in the field of
the measuring microscope and roughly along the optic axis. The desired
track would appear as a wiggling spot when the microscope scanned through
the emulsion depth. Once a track was identified by this technique, the pre-
cise position would be determined with respect to a 1 mm grid printed on
the emulsion, as is standard practice in emulsion work.

In summary, except for emulsions, the techniques of measurement
are quite conventional. The emulsion measurements would differ in that
somewhat specialized equipment would be required, and the measurements
would be done as the last step in the analysis of events when the particle
orbit and the need for the emulsion measurement was established f'rcwm'a
preliminary analysis of the other information. Emulsion techniﬁues are
not new to the LLawrence Radiation Laboratory. There is presently a
technical staff of about 15 persons at Berkeley who scan and measure nuclear
emulsions, and a program is already underway to develop autor{'xatic'equip-

ment for measurement of emulsions.

V. Conclusions

There are reasonable technical grounds for believing that meaningful
and precise high-energy-physics experiments in the energy range 1+00-1. 000
BeV and beyond can be performed in the upper atmosphere. The féasibility
of these experiments depends on a number of techniques and recent techno-
logical developments discussed in this proposal. The cost of the proposed
developmental and experimental program (see Appendix I) is small m com-
parison to other proposed methods of investigation in this energy ra.nge‘. though

the comparison must be made with the exploratory nature of the expiments in

mind.
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VI. Pcecrsonnel and Facilities

Professor Luis Alvarcz is the principal (faculty) investigator and
Dr. W. Humphrey, the co-experimenter, will serve as project leader.
The Space Sciences Laboratory and its director, Professor S. Silver, will
have general administrative responsibility for the project and for its rela-
tionship to the academic program. A number of graduate students who will
work with Professor Alvarez for advanced degrees under the program will
be employed as research assistants by the Space Sciences Laboratory and
special research studies associated with the experiment will be carried out
in the Laboratory.

The major part of the development of the instrumentation and the
auxiliary equipment will be done by Professor Alvarez' group in the
I.Lawrence Radiation Laboratory where facilities are already available for
a project of this magnitude. The Space Sciences Laboratory will give
assistance with balloon techniques and instrumentation of telemetry; the
staff members of the LLaboratory have considerable experience in conducting

palloon-borne experiments,

L g R Budgets "

The budget is set up in accordance with the division of activities
described in Section VI. The Space Sciences Laboratory and the Radiation
lLaboratory operate under somewhat different rules and proceedures. In
particular, their overhead rates differ. The budget 1s, therefore, divided
into two parts, one covering the work to be conducted by the personnel of
the Space Sciences Liaboratory and the other covering the work to be done
by personnel of the Radiation Laboratory. The latter is detailed in quarterly

periods in Appendix [ which follows the presentation of the composite budget.




Budget and Appendix I not included.




Appendix IT

Preliminary Balloon Flights

’

The proposal outlined in the body of this paper represents what
probably would be the most sophisticated package to be used in the program of
balloon flight experiments. Such a device requires a great deal of engineer=-
ing, ground testing and‘canstructian time, and the first halloon flight for the
entire system wauld probably not take place until between one and two years
after the program started. In the meantime, several smaller pfeces of apparatus
must be flown in order to test certain of the experimental techniques. Some
physics would come out of these first flights. The following paragraphs des-
cribe the nature of these first few preliminary balloon flighte, and what
resu.ts would be expected of each. It is unrealistic to list more than a few
of the anticipated test flights, because the information from the first few
flights will undoubtedly determine the nature and number of further test
flights. At the end of the appendix, there is a discussianﬁcf alternate

configurations to the one proposed in this paper which might provide useful

physics later.

Flight 1 and 2
The first flight would probably take place about six months. after

the beginning of the program. The principal function of this flight would
be to test the operation of the Cerenkov trigger system. The most important
information from this flight would relate to the durability and opacity of
the light tight Cerenkov gas enclosure, and the detecting efficiency of the
device. In the first flights, the launching procedure for the rether bulky

Cerenkov gas enclosure would be tested.
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The experimental train would congsist of the Cerenkov trigger assembly
itselr followed by a series of two or more assemblies cansisting ﬁf a lead
radiator followed by a sgintiliatian counter. The radiator-counter
assembly serves to identify electrons which trigger the Cerenkov'counter,
by detecting the large scintillation pulse resulting from an electron shower in
the lead. Several plates are needed because a single plate would not be effective
for electron energies in the region below 500 MeV. If all went well, the'data
{rom the flight should be consistent with the present estimates of cosmic fay
proton flux. In addition, useful information such as background counting
rates and the Ligh-energy electron flux would be available. The electron
flux as a function of altitude should elso be consistent with the incident
proton flux and the interaction crossection. It is interesting to note that
primary cosmic ray fluxes have been estimated from measurements on the earth's
surface. This flight would constitute a direct measure of the integrated high

energy proton flux, assuming the Cerenkov detector functioned correctly.

Flights 3 and U

Shortly following the first flights, further flights would be carried
out to test the spark chamber-emulsion technique, and the wide-gap spark chamber.
The emulsions from these flights would provide a sample of data with which to
develop the measuring techniques. The important point in regard ﬁo the wide-
gap spark chamber would be the detecting efficiency for a shower of pions
rroduced by a nuclear interaction. The operation of the cameras for the emulsion
spark chambers and the wide-gap spark chamber would be checked out in these
flights.

The experimental arrangement would consist of the Cerenkov trigger,

followed by at least three emulsion plates between a pair of spark chambers,
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followed by a target, followed by the wide plate .spark chamber, and finally a
set of radiators to identify electrons, ag in the first flights. Particles
which are identified as high energy protons can be considered to have a straight
orbit, as an aid in calibrating the emulsion measurements. With a series of
three or more emulsions, in the spark chamber-emulsion module, it is possible
to establish the stability of the emulsion support frame, as well as measure-
ment techniques. Deviations from straightness for the high energy protons must
result from emulsion measurement error, mechanical mounting error, and Coulomb
scattering. In fact, if things go well, some estimate of the energy of in-
dividual protons might be made on the basis of the multiple scattering of the
proton between enulsions.

As a check on the efficiency of the wide-gap spark chamber, the tracks
found in the upper half of the chamber could be traced into the lower half of
the chamber to mafe sure no tracks are lost. Another poiﬁt of interest would
be the chamber's ability to detect the individual members of the narrow central
cone of pions (those moving forward in the center of mass system). The minimum
angle or separation between two resolvable tracks would be established.

These flights would serve as pilot runs to the final experimental
configuration. All the major experimental components would be present, and the
data analysis system comld be applied to data of these flights. Moreover, the
physics data available from these relatively simple flights would already be

far superior to that presently cobtained by conventional emulsion methods.

Flight 5 and beyond

The fifth flight would probably be the earliest possible flight to

carry a superconducting magnet. Among the numerous tests in this flight would




be the study of mapnetic interference with other equipment such as camera

mechanisms, and the new recovery problems. All flirhts from this point on

should yield valuable physiers data,

Alternate physics flirht confieuratinns

Although it is desirable to flv some balloon flichts with a liguid

hydrogen target such as described in this proposal, there are also advantages
Lo usine other types of target material such as lithium hydride »nr hvdrocarbons.
Aside from the obvious s&mplifingtinn » chieved by eliminating the bulky cryo=-
venics associated with the hydropen, there are also advantapges in the form of
increased counting flux and lareer solid angle at ihe wide map spark chamber,
The increased countinm flux comes about as a consequence of the shortening
of the entire apparatus with removal of the hydroesen tarpet, which allows
us to accept perhaps twice the solid angle of cosmic ray protons. The more
favorable geometry at the wide rap spark chamber is the resnlt of beineg able to
place a more compact tarpet immediately above the chamber (perhaps inside the
superconductine chamber magnet) and detect larpre .angle secondaries which would
be missed if produced in the hydrogen target,

The wide gap spar) chamber, as proposed, is a two section chamber,
It would probably be useful to fly some flirshts with material between the two
halves of the chamber (for example lead to convert gamma rays for detecting n©
mesons, or hydrogen rich target material for studying interactions of the
secondaries).

A few flishts without momentum analysis might also be useful,

Although the momentum information from the emulsion measurements would be

missing, the rapid decline of the proton flux with energy combined with the

.
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The proton energy could be rourhly described as 150 + S0 BeV, which wnuld in-

clude 65 o/b of the proton flux. The rFain in eliminating the momentum analysis

-wnould be the increase in flux from shortening the total length of the apnara-

tus, as well as a reduction of the balloon packare weirht throwh the elimina=
ion of a superconducting magnet and spark chambers. The analysis of such

events would proceed more quickly,without having to make the emilsion measure=

ments for momentum informatione.
A combination of the above alternatives wondd lead to a variety of
palloon flights of a modest nature in terms of balloon loads, but capable of

providing valuable physics data,




Cnonnent Sub«comp, weirht J'eight,
1 @ Tﬁfﬂﬁt :
Cyl. walls 1100
Ends 50
Misc, and plumbing 150
Lil, load 230 830
2. Analyzine Marnet
Sunerconductor and copper 60
Wire support L9
Inside skin 30
Energy dumping 100
H'is e 100 ,l60
3. Chamber marnet
Superconductdr and copper c80
Yire support 39
Inside skin 70
Znergy dumping 300
Misc, 150 1uh0
Le 37 1. Helium Peservoir 100 100
5. Cryostat Structure
Vacuum wall 1620
Chamber mag. sphere 110
Internal support 100
External support 300
Landing gear 600
Misc, 200 2930
6. Cerenkov detector S00
7. Analyzine chamber and emusicn
stacks and support 250
8., 'Wide-gap spark chamber 100
9, Irameras 300
10, Electronics (counters and telemetry) 200
11, ZElectronics (chamber supplies) 150
17, Film 150
13, Misec, 350 -

TARIE 1,

Component Weiphts

Tot2]l weirht

7760
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Agenda, continued,

8.

services have recently stated requirements for startracking
and azimuth stabilized platforms. Mr. Angevine will summarize
stated regquirements and outline possible NCAR positions at

the meeting. The Panel is requested to advise NCAR on its
proper responsée to these requirements. Dr. Gordon Newkirk

of NCAR has been asked to join in the discussion of Agenda
IJtems 6 and 7 to give the view of a user of our flight ser-
vices.

Progress on heavy load launch develogment program -- Thomas
W. Rilhorn

Our program to develop and improve heavy load launch
equipment and techniques will be critically reviewed by
Mr. Bilhorn. Panel comments and recommendations are re-
quested.

Request bz Dr. Delbouille qE_Be[giym for bal[gpn flight
services -- Alvin L. Morris

W i e

Dr. L Delbouille of the Institut D'Astrophysique of
the Universite” de Liege has requested that NCAR provide flight
services for a series of flights planned by him and his col-
leagues. A brief summary of the experiment they propose and
a copy of letters from Doctors L. Delbouille and M. Migeotte
are enclosed, Appendix C. Dr. Delbouille and Dr. Roland
toured ballooning facilities in the U.S. and determined that
our facilities meet their requirements best. They were
especially concerned about telemetry and command systems;
our standard PCM system meets their requirements. Addition-
al information has been requested from Dr. Delbouille in or-
der that we might assess his operational requirements more
realistically. At present we know that he wishes to fly the
equipment to alt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>