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1. INTRODUCTION:

The documentation for this data set was originally on paper, kept in NSSDC's

Data Set Catalogs (DSCs). The paper documentation in the Data Set Catalogs have been
made into digital images, and then collected into a single PDF file for each Data Set
Catalog. The inventory information in these DSCs is current as of July 1, 2004. This
inventory information is now no longer maintained in the DSCs, but is now managed in
the inventory part of the NSSDC information system. The information existing in the
DSCs is now not needed for locating the data files, but we did not remove that inventory
information.

The offline tape datasets have now been migrated from the original magnetic tape to
Archival Information Packages (AIP’s).

A prior restoration may have been done on data sets, if a requestor of this data set has
questions; they should send an inquiry to the request office to see if additional
information exists.



2. ERRATA/CHANGE LOG:

NOTE: Changes are made in a text box, and will show up that way when displayed on
screen with a PDF reader.

When printing, special settings may be required to make the text box appear on the
printed output.

Version Date Person Page Description of Change

01

02



3 LINKS TO RELEVANT INFORMATION IN THE ONLINE NSSDC
INFORMATION SYSTEM:

http://nssdc.gsfc.nasa.gov/nmc/

[NOTE: This link will take you to the main page of the NSSDC Master Catalog. There
you will be able to perform searches to find additional information]

4. CATALOG MATERIALS:
a. Associated Documents To find associated documents you will need to

know the document ID number and then click here.
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

b. Core Catalog Materials


http://nssdc.gsfc.nasa.gov/nmc/
http://nssdcftp.gsfc.nasa.gov/miscellaneous/documents/

IMP-B

RATES & P.H. REDUCED C.R. DATA TAPES

64-060A-03A

THIS DATA SET HAS BEEN RESTORED. ORIGINALLY THERE WERE THREE
7-TRACK, 556 BP1 TAPES, WRITTEN IN BINARY. THERE IS ONE RESTORED
TAPE. THE DR TAPE IS A 3480 CARTRIDGE AND THE DS TAPE IS 9-TRACK,
6250 BPI1. THE ORIGINAL TAPES WERE CREATED ON AN IBM 7094 COMPUTER.
THE DR AND DS NUMBERS ALONG WITH THE CORRESPONDING D NUMBERS AND

TIME SPANS ARE AS FOLLOWS:

DR# DS# D# FILES TIME SPAN

DR0O03396  DS003396 D001597 1-2 10/04/64 - 11/30/64
D001598 3-4 11/729/64 - 01/27/65
D001599 5-6 01/27/65 - 04/09/65


http://nssdc.gsfc.nasa.gov/nmc/datasetDisplay.do?id=SPHE-00396
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UNIVERSITY OF CHICAGO DATA FORMATS FOR LIBRARY MAGNETIC TAPES
FROM SATELLITES IMP=1, IMP=I1 and IMP-{1]*
C. Y. Fon, G. Gloeckler, L. A. Lirtieton ond J. A. Simpson
Enrico Fermi Institute for Nuglear Studies
University of Chicago
Chicogo, illinafs 60437

In cceordance with NASA policy we heve prepared for the use of the

scieniific community the dato we obiained from the sotellites IMP=|, IMP-]! ond

iMP-1li. The library magnetic topes have been carefully ediled over @ period ;f
ot lecst one year ond have been turned over to the NASA Dote Library for relecse
ot times decided by mutugl ogreement. This docyment describes the format of the
doto found on the tapes ond describes the relationship of the deto words to the
physical parometers which we were measuring. A reprint giving the main feahyres
of the IMP=i instrument is included with this document o well as o list of our

scientific papens published in 1964=1945 which are boled on the use of these date.

*This work was supported in part by the Notionol Aeroncutics ond Space Administro-
tion unaoer Controet MNASA -NAS-5-2990,
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Tha Data Processing §ystem
The purpote of the dats processing system is 1o produce maghetic ropes
containing all the available dato In chronologice! order, with errors either dtltru;
or flogged. These tupes are intended o be in un efficient fomet for usa by doto

analysis progroms.*

The tima bose used is the Chicage sequence count. (See 4.6 below.) This

is on integer which it cppra<imately zero at time of lounch, increcsing by one for
each spacecreft telemetry sequence. Unfertunately, a spacecraft sequence cocunter,
©s such, does not hove o predictoble relationship to real time over the lifetime of tha
satellire, since the spacecroft may turn off for vorying lengths of time due to lock of
power, The Chicogo sequence count is crﬁﬁci-r.:iiy projected over periods when the
spocecrafl is off, the intent beinyg 1o opproximate os closely o3 pouible ¢ uniform
time bose whose unit value is on integral multiple of the time between telemerry
readouts of the experimeni,

The dota processing system has four mojor ports;**

1) Reformotting the data and generating error flogs.

" 2) Checking and correcting the sequence count, and deleting ony lorge sections
of the dota which cannot be corrected,
3) Sorting the dota,

4) Checking for and deleting errors in the processed date,

"Actualiy there is o fair omount of unused space in the lib.. ry tapes; this is primarily
cue to th> desirability of retaining (0 for a1 possible) o single tape formar throughout
the sysiem.

**The Appendix gives ¢ description of the progroms involved. Figure 3 shows overall

data flow.
L ]
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Step four may involve reprocessing through stegs two and “hree, deperding on
the number ond seriousness of erron found.

In foct, it &s possible that the tibrory topes produced may not in some
coses completely fulfill the speciiicetions of the system. This moy be due either to
humen ermor, e.g., incorrect generation of o specicl sequence count correction for o case
in which the stondard procedures are not satisfoctory; or to o decision that the cost
(in personnel and machine time) of corracting some wmall amount of date would ba
greater thon the dota is warth, °

2. Genero! Descriptica of Tape Formot

The topes are written o* 556 BP! in J8M 7050 binary fomat;i.e., odd parity,

36 bits or six charocten per word; standard 70790 BCD code for items in ﬂ-Ci'.).I Physical
records are 504 words (4824 choracten) in length, divided into six logical records of
134 words each, Eoch logical record comists of o header of five words, three doto
blocks of 42 words each, and a triler of three wmu.} A tape is termincled by an
ond-cf-flla. One physica! tepe nemally soatsing between one and two months of
doto. (See Figure 1.)

Logical records ore sorted according to the Chicogo sequence count (See
4.6 below.) of dota block No. 1. This resuin in the dal being effectively in
inerecting time order, olthough since ell oveileble dota are included, more than one
logical record covering a single time period may be present (if there wos coveroge by

more than one tracking starion for that time), A logical record conrains ali avaiicble

dota for & four spacecroft sequence period (format) from one trocking station, Only three
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sequences are presant in the record tince every fourth sequeace contains no Chicoge
dota. These are referred 10 os saguence number one, i.quence number two, ond
sequence number three.
Words or parts of words not specifically described herein do not nacesserily
contain zercs.

3. ltemization of Dota within o Logical Record

3.1 Header Block Words | =5 of logicel record

Word Contents

EDT Number (4.1)*
-3 Sration 1D (4,2)
Record Flog (4,3)
Input Flog i (4.4, 4,4,1)

-

3.2 Dota Blocks

3.2.1 Dota Block | - Words 6 = 47 of logical record. %
Contalns data, if ony, from sequence number 1, (4.9)

3.2.2 Deto Block 2 - Words 48 - 89 of logical record,
Contoins dato, if any, from sequence number 2.

3.2.3. Doto Block 3 = Words 90 = 131 of logical record.
Contains doto, if any from sequence number 3.

3.2.4 ltemization of date within ony data biock.

r

“See Tlom descriptions in Section 4 below,

+ If the sequence number cannot be determined, the data for the sequence is in dato
Sleck 1, and dote blocks 2 and 3 immediately following conmin no dote,




Block Word

33 - 42

Contents
e .

Sequence Time (4.5)

-hicogo Sequence Count (4.6)

GSFC Sequence Count (4.7)

Frome Length (4.8)

Sequence Flog (4.%)

Time Fiog (4.10)

Input Flog 2 (4.4.7

Input Flag 3 (4.4.5;

Input Flog 4 (4.4.4)

Not vsed

$/C Frame 0 - Time (4.11)
D1D2D3 Accumulator (4.12, 4,12.3)
DID2 Accumulator (4.12.2)
D1D2D3D4 Accumulator (4,12.4)
D1 Accumulator (4.12.1)

5/C Frome | = Time
D1 Pulse Heighr (4.13)

- D3 Pulsa Height

A-C/DS5 (4,14)

Mot used

S/C Frama 8 - Time
D1D2D3 Accumularer
D102 Accumulator
D1D2D3D4 Aceumulator
D1 Accumyloror

5/C Frame 9 - Time
D1 Pulse Height
D3 Pulse Height
A-C/D5

Not used

3.3 Trailer Block = Words 132 = 134 of logica! record

Eg_rd
E
2
3

Contents
Mot used
Lock - Aheod Flag (4.15)

Not vsed
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4, Description of Individuoi Doto Items

.

4.1 EDT Number ¢ -
Six BCD characters giving the number of the GSFC Experimenters
‘v Data Tape from which these dote were faken.
4;2 Station D
Twelve 3CD choracterns, armonged os follows:
NNMMDDYSSTTT, where
NN = Satellite Number
MM = Month
DD = Doy
Y Yeas
Tracking Station Code
Analog Tape Number
4.3 Record Flag
One 36-bit word containing four flogs:
(Record Flag) Bir 0
=0 if dota in record.
= ] if no data,
(Sequence 1 Flag) Bir 23

=0 if data for Sequence | o

(#.g., in data block 1).
= | if no data
]

(Sequence 2 Flog) Bir 29
=0 if data for Sequence 2.

=] if no data
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{Sequence 3 Flog) it 35
. = 0 if dato for Sequence 3.
= 1 if.no dato.
4.4 Input Fiogs
An inpur flog ls @ nine=bit guontity indigating whather the cormes-
ponding dato item os mceived on the EDT wos free from obvious arrons, |If

cll nine bits are zero, no errors were found; if ome bits are one, some error

was found. The errors checked for are tope redundancies, missing date, and

°

illegal (nen-numaeric) characten. If any bit of an input flog s non-zere,

the corresponding data item does not contoin any meaningful Informotion,

4.4.]1 Input Flag | -
One word containing fwo inpur flogs:
(Stetion ID input Flog 1) BinD-8

Input fleg for Word
No. | of Satien ID.

(Station 1D input Flog 2) Bits 9 - 17

Input flog for Woed
No. 2 of Station 1D,

4.4.2 lInput Flog 2
One word containing four input flogs:
{Sequence Time Input Flog 1) Bin0 -8
input flog for fint word of sequence time,
(Sequence Time Input Flog 2) Bim 9 =17

Input flog for second word of wequence time,
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(Sequence Count Input Flag) Birs 18 = 24
laput flog for GSFC sequence count,
(Frame O Time Input Flag) ' Bin27-35
Input flog for frame O time.
443 Input Flog 3
One word containing twe input flogs:

(Frama 1Time Input Flog) B0 -9

Input flog for frame 1 time.
*

(Frame 8 Time Input Flog) Bits 27 - 35
Input flog for froma 8 time.
444 Inpyt Flog 4 <
One word containing one input flag:
(Frome 9 Time Input Flag)
Input flog for frome ¥ time.
4.5 Sequence Time
Tweive BCD charocters giving the beginning time for the spacecraft
sequencs a1 follows:
DDDHHMMSSMMM, where
D30 = doyof yeer
HH hour
MM
S5 second

millisecond




4.6 Chicogo Sequence Count

One word containing o flog and the Chicogo sequence count volve:
The Chicago sequence count is ec atructed by the Chicogo dote proecessing
programs from the GSFC sequence count, the sequence number, the frame
length, ond the time. It increcses by ona for each spocecraft sequence (or by -
one for the time required for one sequence if the sateilite is turned off) and
does not recycle, (Maximum valye is 222-1. which would allow o satellite
life of opproximateiy ten yeorm.)

(Sequence Count Correction Flog): Brg 2'1° %

=1 if, ond only if, the Chicago and GSFC sequence counts differ by
v

ethar than rthe rescaling factor (for the GSFC sequence count),
(Chicogo Sequence Count) Bim 13-35

Chicogo sequence count in binary integer form,
4.7 GSFC Sequence Count

Six BCD charocters giving the GSFC sequence count, (The GSFC
sequance count s constructed by the Goddard Space Flight Center doto pro=
esssing progroms from the satellite cloek reading, and shouid increase by ons
for eoch spacecroft teguence, recycling ofter 99999.) Discussed by Whire
(1964b).
4.8 Frome Lengih =
One word containing the frame length input flog and the frame length:

(Frome Length Input Flog) Bits 0-8

The input flag for the frame length,

(Frame Length) Bits 9-35
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Spacecraft frome length in milliseconds
in binary integer form,
4.9 Sequence Flog
One word containing two flags end the sequence number:
Chicago deta is read out twice per spacecraft sagquence for three
successive sequences ond nat aT all during the fourth. (See Table 2.)
The Sequence Number is 1, 2, -3 for the three successive saquences in which
) reodou’s oceur, ond four for the t.lquorl-cc with no readour. The uqunc..
number, is not included on the Chicago EDT, but computed by the Chicago

g3ta processing programe, The generoted sequence number s set to four if *

the actuol sequence number connot be determined.
(Dote Flog) Bis 22-23

=0 ifend only if &ll jnput Flogs
are zero for Chicago date (con=

toined in duta biock words

14-17, 19-21, 25-28, 30-32) for

this sequence.

= 1 if some but not all imput flogs
for Chicago data for this sequence

Cre non-zer,

= 2 only if all inpur flogs for

Chicago date for this sequence are

non-zero

(Sequence Number Fiag) Bir 29 =

= Q if the sequence number is relioble.

= | if "o sequence number is ques=

tiongt. 4 or not determinable.
.
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Bim 33-35

The sequence number in binory
integer form,

4,10 Time Flog
One word containing six flags:

(ET Flag Input Flog) . BiKO-7

The input flag for the ET fleg,
{Note that this is only 8 bits,)

(ET Flog Discrepancy Flog)

= | if ond only if ¢!l ET flogs on the
EDT for this sequence were not
identicol.

(Time Flog) Bits § = 17
=0 if ond only if rime, GSFC
sequence count and sequence number
are consistent,

The time flog indicates the degree of consistency within one EDT of the time,

GSFC saquence count, and {computed) sequence number, Individual bits

are set as follows:

Bit 17=] if time and GSFC sequence count are incomsisrent,

16=| if the time o G5FC saquence count consistency relotion is

re~initiolized.

if the GSFC sequence count is inconsistent with the time and

sequence number,
if the time is less than @ previous tima within the some
ecquisition. (An acquisition is defined by the station and

analog tape numben of the station ID.)
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Bir13=1 if the GSFC sequence count is less than a previous sequence
count of the some acquisition,
if the time or GSFC fequence count previous maximum within
oA ocquisition is re -inftiolized,
if the time Is inconsistent with the (computed) seqQuence number,
if the GSFC sequence count i incomsistent with the equence
number.
if the time or GSFC iequence ccunt fo sequence number cone
sistency relation is re~initialized. ;

(Time Summary Flog) Birs 18 = 23

Tha time summary fleg is constructed using the some criteric es the

time flog end will normally be o shortened version of the time flag,

=0 if and only if both time and GSFC sequence count are
opparantly relicble,
if only time is apparently relioble.
if only G5FC sequence count is cpporently reliable.
if time s questionable but oppsan more reliable than GSFC
sequence count, g
if GSFC sequence count &s quesiionable, sut eppeary more
relicble then time, s

if no consistency can be found.
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(1D Time Flog) Birs 24-29

The ID time fleg indicates whather the dote given in the
iD is religbla,

station

=0 if and only if the ID dote Sppean 1o be reliable,

=) if ths 1D date disogrees with the ipocecroft frome

0 rime.

if the ID dote is not within the life of the soteliire.

if the ID dote is impossible (not o legel date in

L
the colendar),

(ET Flog) Bits 30-35 (White, 1964a)
The GSFC ET flog in binary integer form encoded as follows:
Chicogo Code
(1]

4.11 Time

Time in milliseconds of the year, as & J8-bit binory integer. The. first of

Jangary is doy I; the time in milliseconds
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4,12 Accumulator

One ward candaining an accumulator reading end the esociated
input flog. This Is o spacecmft sceumulator readout containing o Chicago
ount rate output. The eccumulator may or may nat be reset after readout,
ot indicated. The eccumulatror length end the emount of pra-scaling in=
ciudad in the Chicogo pockogs ore also given below. (See also Teble 4.)

(Actumulotor x Input Flog) Bin0=-8

The input flag for this accumulator reacout,

Accumulotor x Reading) Bits 9 = 35

The accumulator reading in binary integer form,
(*_x " is D1, D1D2, D1D0203, o¢ D10203D4.)

_ The four occumuletors are:

4.12.7 (D1 Accumulator)

Spacecroft word 7b = 12 bin
Prescole foctor = 64
Accumulated D1 counts
Not reset

4.12.2 (D1D2 Accumularer)
Sprcecraft word 4b = 9 bisg
Prascale foctor = 16
Accumulated DID2 counts
Rewet

IMP-IL, 111: Accumulated D1D25J counts

Not reset
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4.12.3 (D1D2D3 Accumulator)

Spacecraft word 4o = & bipg
Prescale foctor = 4
Accumulated D1D2D3 counh
Retet
IMPSL ill:  Accumulated DID2D3BT counts
Not reset
4.12.4 (DID2D3D4 Accumuloter)
Spocecraft word 7a = 3 bis
Prescole foctor =8
Accumulated D1D2D3D4 county.
Not resat
4.13 Pule Heighi
One word containing two input flogs, the Chicago pulse heighr
onalyzer range, and the Chicago puise height analyzer channel for the
D1 or D3 pulse height eralyzer:
(Pulse Heigh? % lnput Flag) Bin0 -8
Input flog for this pulse height,
(Range x input Flag) Bis 9 - 17
Input flog for this range.

(Renge x) Bir 29

=0 if enge = low.

= 1if range = high.*

*Lew ronge indicates high goin amplifier; high range indicates low gain omplifier:
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(Pulse Height x) Bits 30 - 35
Puls. haight onalyzer chonnel
reading in binary integer fom.
{('z* is either D1 or D3).
4.14 A-C/DS
One ward conmaining an input flog end the anti-coincidence
or D5 readout:
(A-C/DS input Flog) Bis0 =8
Input ilog for the unri-miuidcn:;
or D5 readout.
BirdS -
iIMP: Chicogo pulse height analyzer
enti=coincidence bit,
=0 if no onti-coincidence,
= | if onti-eoincidenze.
IMP11li: The reading of the Chicogo

D5 accumulator:
1 bir
Presccle foclor = 64

IMP-lI: Not resat

IMP<1l: Reset

'4.15 Look-Aheod Flog.

Onc word containing one flag:




= C if more records covering
wma time period

§.e., with same Chicogo sequenca
count for sequence .wmber 1)
follaw this ana.

= 1 if 1.1is is the last {(or only)
deto for this peried.

5. Relationship of Physical Porometers to Data Items and Date Block Wands,

-
In order to clarify the connection between the preceding dato desceiption and

publications referring to the data, the following explanation is given. The description
is bated on the IMP=| experiment. IMP=1| and IMP=11| are batically similar; differences
cre indicated where appropricte.

The instrument is o four-detector chamged particle telescope, os shown in
Figure 2. The fint two elaments ore gold-silicon surice barrier detecton (colled
Dl and D2 respactively) with on energy threshold of 180 kev, o surfoce ares of
5 cr-2, and depletion depth of 200 microns (on IMP=111 thess 2re lithium drifted
detectons with surface area of 5. 7cm2cnd depletion depth of 900 microns). The third
jetector (D3) s a Csl (T1) crystol whose light output is detecred by two gold=silicon
swifoce barrier photodiodes mounted on opposite sides of the crystal. D4, o plastic
rcintillator cup eround D3, is couplea to o photomultiplier rube by a light-scariering
chamber, The geometrical foctor of D1 i approximately 8 cmz ster. (IMP-]11:
12 c-nz srer.). The geome 'ricol focdar of the telescope is 0.85 mz ster. (IMP-Ii1:

1.2 cmz ster.), The main exis of the telescope is nomal 1o the spin axis of the sarellite.
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IMP=1l end IMP-1i] have in oddition to the moin telsicope @ separote gold=

silicon surfoce barrier detector called D5, of 0.1 m2 wrfoce area and 50 micron
depletion depth, whose orientation is the same as that of the delectons in the

telescape.

An aluminized mylor window in front of the felescope sets o lower energy
limit for the catection of chorged particies. D1 s Mnsitive o electrons with
energies greater than 180 kev, 10 0.9 to 190 Mev protons, and 1o porticles with
charge of two or greater and having energies grester than o few Maev/nucleon.
D1 olso detects electrons with enemy greater than 30 kev' which "pile-up® 4
within the resolving time of the instrument. Verticolly incident 4.5 1o 190 Mev
protons couse D1D2 coincidence, while DID2D3 requires praten energies over
19 Mev and DID2D30D4 over 90 Mev. The telescope detects heavier porticles
(Z < ¢) having ensigies grecter thon a few Mev/nyucleon. The particle energy
renges are slightly different for IMP-111. D5 derects mainly low enagy protens;
tha electron sensitivity is relatively low becousa of the small depletion depth,

Table | gives the correspondence between the IMP-1 dote nomes and thair
places in the logicel record, while Toble 4 thows the differences between the date
ouiputs o IMP=I, IMP-Il and IMP-1]1,

3.). Rate Ancinis

The counting rote cutputs from the experiment gre D1, D102 coin-
cidence (IMP=Il, lil: D1D25T coincidence), D1D2D3 coincidence (IMP-11, 11I;

D1D2035% esincidence), and DID233D4 coincidence. (I 11 ond IMP=ii]

also hove an output from B5). All rate outputs are pre-scaled within the instrument,
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w0 the number of events indicated by the spacecroft aecumulotor readouts must be
multiplied by the oppropricte scaling foctor. (See 4.12) A verticolly incident
<0 Mev proton, for gxomple, will penetrote the D1, D2 end D3 detectars (but not D),
and contribute one count to each of the D1, D1D2, end D1D203 vnscaled rotes
(IMP=11, H: 10 the D1 end DID203D4 rotes). Sixry=four sueh svents will incrament
the spocecraft D] aceumulator by one, the DID2 accumularer by four (IMP={ only),
ond the DID2D3 accumulator by sixteen.

Rates In county/sec mey be computed by:

KA = (A _B)
k=
WS =S _J+F ~F . -5/16)+ L(i-B) (8 - 5,16)

A is the accumulator readout

K is the scaling factor

S is the sequence count

F is the frome

L is the frome length in seconds (nominally 5.120)

B = | if the occumulotor is rot reset .

B =0 if the accumulator is resar

(o]

end 5L/16 is the deoad time of the accumulators during readout.®

"t is essumed that the spocecroft accumulotor under consideration hes not recycled

batween A and A . -
- n

1




5.2 Pulse Height Analysis
The instrument includes twe &4=-channal pulse height analyzen, one
cannscted to DI and one to D3. The finst D102 or D1D2D3 coincidence after o telem=

sty reodout couses pulse height anolysis 1o occur: D1 snolysis only for D1p203,

coincidence, D1 and D3 analysis for D1D203 coincidence. Analysis of o D1D2DID4

coincidenca event sets the A=C bit to one on IMP-1. IMP-1I and IMP=ili only
enalyze events which do not trigger D4  the A=<C bit is used for the D5 detecror
e readout. The analysis is stored until the next telemetry readoul, with no other
a

being ollowed until that time. Since of the mony events which may sccur in o
sequence (cpproximately 82 seconds), only two can be pulse height oralyzed, the
pulse height cnalysis only samples the charge, mass, and energy distribution of the
incoming flux.

in order to extend the dynamic range of the pulse height anolyzen
while retaining good resalution, en electronic range switch is incorporoted in each.
The switch determines which of two possible omplificotions is needed for a given pulse.
If a particle produces o lorge pulsa so that low amplification is needed, the appropriate
“HI/LO RANGE™ switch is sef to one ond the "ronge” is called high.

For @ particle penetioting past D1, the "DIPHA"™ mecwres the
fraction of energy lost (dE/dx) in D1, which depends inversely on the particle's rotal
energy. Forc particle which stops in D3, the "D3PHA" meosures total residuc] kinetic

r

energy (E). In this case E, dE/dx, Z(charge), ond A (mass) are uniqualy related.

Table 5 gives the pulse height anaiyzer calibrations.
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8. Amix - Dﬁcrfeﬂon of Cmaror Pﬂm

The progroms are written for the [BM 7094 ond S5 910 computen, *
and are in general rather specialized,
software configurations of the computing systems yied.

8.1 Rl-fo.mrting and Generoting Error Flogs,

8.1.1 IMPFT - 7094 FAP program ond subroutines.

8.1.2 CHEAQ - 7094 FORTRAN program with FORTRAN ond

R

IMPFT uses a3 input the experimenter's data tape
supplied by NASA-GSFC, The date, time, and
fequence count are checked for erron, and an
output tape is produced containing the input do ta
converted into 7094 binary integer fomat, rogether

Wwith ‘error flags o appropriate,

FAP subroutines.

CHEAQ is used to salectively chock experiment
perfarmance and doto quality.
CHEAQ utes the IMPFT output tape for input,
producing printed cutput consist ing of:
1) Spacecraft and Chicego experimant doto.
2) Input ecror flogs.
3) Compured count mates.

4) Puise height distributions.

*More detailed documsntation may be obtained from L. Littleton.

mgking use of the perticulor hardwore and

®




8.2 Checking and Cormeticg Soguence Count; Deleting Conliguous Sectiong

of Bed Data.

8.2

PSEQ « 910 FORTRAN program with Symbcl subroytings.
PSEQ projects the Sequence count from the dato alrecdy
piocessed for the saleilite, using time, sequence count, and
ipacecraft telemetry frame length from the pravious dota and
the obove plus $equence number from the preseat dara,

Input to PSEQ consists of & time summary card fnode wp

from previous Processingiand the IMPFT oulput tope. PSEQ
L ]

output is o rope containing projected lequence count cor-
rections ond o listing of error conditions, if ony.

FID=C - 910 Symbol progrom,

FTD+C corrects the $eGuence count o3 required, does minar
reformatting of the data, deletes any four-sequence (three of
which would contoin Chicago readouts) blocks in which there

is no good Chieage data, and deletes files of data as requested,
(At this stoge in the processing, o file consists of the deto from one
trocking siction gnalec tcpe; in some coses an entire file may be
invalid).

Input to FTD+C consists of the IMPFT output tope(s), tha PSEQ
Sulput tope(s), sequence count Comaction cards for speciol

ceses, ond file deletion cords if roquired. Output is o single

tpe in slightly altered format.




8.3 Sorting the Data.

8.3,1 SCrT - 910 Symbol program,

SORT sorts and memes the date into escending (Chlcago)
Mquence count arder,

Input 1o SORT is #ithar o single FTD+C eutput fope, or two
previously sorted. topes (to be merged), Outpyt is o single

sworted fope, in liérury tope formar,

8.4 Checking for and Deleting Errors,

8.4.1

e S

| 8.4.2

8.4.2

CLIBE - 7094 FAp program,
L ]
CLIBE checks for inconsistency or incorrect order in the

$equence count, and for datg disagreement within sactions
L]

of overiopped dote (i-e., during times of Coverage by more

thon one tracking station). CLIBE olso checks for parity

ond formot errors on the fope,
Input to CLIBE is the SORT Sutput tape, Oufput is & printed
listing of oll errors found.

PIULT = 910 Symbol progrom,

PIULT prints selected sections of the SORT Sulpul tope, a3 re=
Suired for error checking,

IMPRID - P10 Syr=ol progiom,

IMPRID deletes logical records from the SORT outpyt topa,
and is used when on isolated record is found to be in error,




Input b0 IMPRID consiats of the SORT (or previous IMPRID)

Quiput tope ond record deletion eards, Output s onother

tape in the same formot, with the required records deleled.
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Cugﬁam for Figures

Figure 1, Librory tope structure,

Figure 2, Cross-section view of the detector eiements ond obmorbers for the
IMP=| and IMP-I] cosmic=roy telescopes,

Figure 3. IMP doto flow. Only procesiing which is done ot the Univenity of
Chigogo Is shown,




TAPE STRUCTURE

PHYSICAL LOGIcAL
RECORD RECORD

B
AN
N

§ LoGIcAL

N PHYSICAL RECORD |
RECORD | N\

PHYSICAL \ LoeicaL

PHYSICAL
§ RECORD 3
L.OGICAL

RECORD 3

N LOGICAL
PHYSICAL \\{ RECORD 4

RECORD |

] PHYSICAL
i\\{ RECORD n

e

m END OF FiLE




s 2 Aperture for Dy
- ’_anmdmvmtuminized Mylar
1.5x 10°3 gm-em=2)
Or Au-Si Detector (73 x 102

gm-cm 2)

\ - -
qh—._\.\q D, Au-Si Datector(7.3 x 10 zum 2

-cm )

[
£
£4 Py, P = Au-Si Photo ~diode

B

\.l Scintillator Light
Scattering Chamber

~hoto -Mulfipiier
Tube

- CM

Scale
Geometrical Factor *AQ + 0.5 emP-sr

F

Fig 2




| L=

S st oy |
/D ienan Prg. |

Sart Progsem
f e SoaT)

i

[ basting Progsam
'E‘E-LJ LT |

MO Pran

veo eroryy

]lua.a...
Toan Progrem
= 10 CMPRID}

Figass b,




Journa] of
GEOPHYSICAL REsearcy

—
Vorvus 70 Avotst 1, 1968
———

' Cosmic Radiation Helinm Spectrum below 90 Mey Per Nucleon
Measured on Imp ) Satellite

C. Y. Fan
Enrico Foveas Tnariinis for Nocloar Studing

Ceomce Gromexiem! 4xp J. A, Sivrsox

Ennice Farmi Instituiy for Nuclosr 51 oy §od Deparimont of Phgeicy
Uuw"ut. of Chssaga, Chscaga, I

4S/dE = 1.38 3 1p-trtaees [

where J ia the integral gy of M
LTed eragred peclrum from N
®lar activity eyels. T,

o e mod

I Inresoverms
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Mﬂhﬁoﬁwﬁhh [Li2]

Tic L Te Llvear polar modulatiog 9(.!1-_;.-: ndiatoo—grizcipally the proles eompie

of neuiron

Ay, The 'vanatos shown above for

oeot—as relootod in the

mﬁmmmmuﬂmtwdﬁupmu—m:wa

imtegral proten intenaity sbove PO Gr.

L’.armﬁcudtimﬁndc'.uduwrrior
tmergies, are of imporuses for atiacking two
mmeparably related problecs One concerse the
piysal description of the 11-year solar modu-
lation of charged particles froem the galaxy.
The second i the determizstion of the low-
Sergy spectrums, Bux, sod chemiral compos-
hn:dt.hmkrndiumwuépmrrhr
eao—igformation ewestial to ag undere
standiag of the =jection, scoclerstion, aad
provagaticn of palsctie commis rayn
Wilhmhﬂdﬁm;lmﬂ'n_ithum
shown that the inverss relationakin between
solar acuvity and ion ehasber mtnsty over 11
yars found by Farbush [1958) is explained by
galactic comme rays undergsisg  modulation
mainly beyond the earth’s orbit [Fan, Meyer,
end Simpecs, 180] in a roughly heliccentric,
magret Seid transition regio [Smpeon, 1964
whose charartecistios are dotermined mainly by
e wolar wind [Parker, 1953]. In Figure 1 we
how e cbesrved chasges o Seutren mes.cor
Bty over the slar actinity cycee wiach
carrespand 0 & chasge of S45% in 1he in-
Segmal pricary cosciis Tay Sux abeve 3 Gv
magnelc npidty. Diree. messuremacty of proe
e ard balum spectruma abows | Cr durzg
hs solar cycle [MeDomald end Webber, 1082)
indicats Uag the protos sad & spectral forms
A odstinguabaiie eitber ag funst of n-

wdity or of energy per oucleon. Thess Tesulta
and the resdts menponed earber suggest that
it s pol pomchbis w0 analyse fruitfally the bigh-
eoargy specirums for dilferences in the eJecia
of modulation upun the proton and belam 0.
ponents. Howeves, in 1k pomrelativistic rangey
for & given magoetis rigidity (momentum per
unit charpe), the protons (mass number A W
charpe comber 3 ratio equals A/2 = 1) have
Apprecimately twnice the welocity of the belium -
vethed (4/Z = 2). The consequences of modu-
latlon by outward convection may be mvesti-
Eated as well a3 modulation by mward difusen
Indeed, & weparnatioa or ‘rplitting’ of the protoa
and helum spectrums bused on magnetie rigid-
ity depradevos below 3 Gv rigdity bas been
detected by Ficktel, Cusms, Kniffem, and Nesla.
domisa [1564] and eezfrmed by liter meagure-
me=ls down %o ~D8 Gr for belium [Ormes
and Wedber, 1964; Preier and Weddington,
L9, Fickiel, Guas, Stevenson, and Fadding-
lom, %n, Belandrohmenyoa and MeDomsld,
19547 Prelimingry sesults ca the helium e
thm semsred o8 Imp 1 (Explocer 15) verify
hat Lis efect extends beivw 04 Gv (Fan st &,
19640]. Comparison of thess results with the
Profes ipectrum messured oo the Imp ] satel-
lite [McDomeld and Luduslg, 1054] sbows that
the mpectnal LT greatsst ot Uw low.
&% mersies

=




(WM RAPIATION RELIUM BPECTRUM

With respect 19 the pooblem of determining
the eamodulsted spectrums of protons aod
hebum necies in the pearby intersteilar space,
it i pot valid to zssums that the gaiacte apoe-
truma of the dilerent componsols bave Lhe
wxe rigdity dependente or that madalation
ceasms for the monrelativistic suclel ot any
use dunag solar acuvily mnimen [Smpere,
1963]. Hesce, te dutinpuish gpecinal differvnces
snedg from modulitiss from diferceons ia the
galactic speciruse we are alse attemdtiog 0
study in 3 serics of satellite pourements Lhe
relative difereaces with Lime of the spectrume
{or \le low-tnerpy proton, belium, and beavier
e down to ~10 Mev/ecciren, sad to ex-
trajolate these resills to odAain 8 close AppIoX-
sulisn W the camodolited specirums.

These sludics require messurements in a
stelize froe from the cutodl efcets of the ter-
rratnial magnetosphere for 3 time interval of
several menthy at or pear solar miisem s
tivicy. These requitements were et with the
lmp | (Explorer 18) mtellte, which provided
€ata over the period November 17, 1943, through
May 30, 1964, wder (he solar and modalation
esoditions shown & Figure 1.

The most muitable parsmeiery for measuse-
meut and identifeation of particies below ~100
Mev/moclees ane particle energy loss {—d48/ds),
total kinetic ensrpy (E), and/or particls resd-
uwil pange We have deviead ze ingtnoment to
essure ibese poramcuwss which w capable of
destifying peetons, belum, and socw esmpo-
penls of Lgher charge nuzbesr. Simoe we use
the Tesults of the messuresents bere 25d i
later papers, and moce e instrument ls sovel
0 s e ol MEnoonduttor desecion, it mlent
chanrtangtes are dotused @ secuon 2

2. Taue Exrsaimavy

Ia Figere 2 we have drawn to scale a croms-
section view of i1be charged.carticle lelescope
detactor clemenas D, and I, am two gokl-
wilicon worlace-barmer detectars of 3.5 em” scsm-
tive ares and sloon thicknes of 300 micTena
The depletion depths arv 200 microms Sinee
these deteclors are photoscostive we use an
scnazrad Mylar wizdow W oclonaie sunlight
Toe wadow sets the Jow eocrgy limit of 09

fev {or protoss. Thus, vertially iscdent pro-
wne or belium with eoergies in exces of 6.5
Mev/ouciech produce s cowncd poise [rom

‘.’,..H:\vr
\ ¢ 3 howres b B,
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Fig 2 Crosesection view of the detoctor el
netits and sheorbers for the Imp 1 comsuc-ray
iclescope. Additiosal drtector charactenstics amw
gives i Table | P aad Py ace gold-wlioos s~
tren baier photodiodes which deteet Lse minni-

Dy st [y are 300 microna

D, and D, Detector b, is a Cal (IT) eryotal
oounted inside a plastic semtillater cap, D,
The Gght cutpul frems the D, scotillator @ de-
tected by two solid-stste shotodiodes (P, P} -
tuth hawng & photaenatve are of 2.5 oo’
They are mousied oo opposite ndes of the Cal
erystal? Detaction of the D, light by photo-
dodes elmirates the problem of coupling te
photomulipber tobes by o Egot-scatieriag cham-
ber or Lght pipe, yot we cbiaa an saergy resc-
lutica eomparable to that of photoemd pler
tobas fof luTpe eetgy wwn The ogoal cutputa
from = zad Py are sumowd @ & miwer cireait.
The sentillitor cup D, detecls any charped
jariiie pamng through the scictillator so that
a chargad pamticls ccaping from D, or sntenng
Oy from the =de will be recorded by & photo-
multipler tube wiiel is eoupled w6 D, by &

*The jhoiodiodes aad Lher cupbing 1o mmaul-

Jmnakncm.mh Tusssdins
ol (1863 ba -tmmmwdrd-
"\u rurface Larror deteciors as photolodes
Fom [1A] Las racised their souplng efcemsy
aod ecargy resclutios wik Cal ssstlslom
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TABLE i. Charseteristion of Imp | Charged-Purticle Solid-Stata Talesops

Coenriag Mawe

mmmm Dryramee Rargee for

Esergy
Threshald by Particke langs
Berasivily  (for preissa),

Fackax, Crurged Parties Moine
et st Heght Ansywe

§ g
180 ey »f
W e
13 Mev
300 wev

FHL

0.9-190°"

Lhe

19-1%0
-8

6 5190 ge.wiFv g
o

-~
A}
AS
085
hugh-ovin mnge 150 hev s 3
v

Low-gaia range: 3 w0 35 Yew
(e Figuse 4)
. Hghgaia rmage: 15 10 300 Maev
“§nia runge J&0 Mev 3 10
Cev (se Figuse 3)

* Defined by spertore is Figore 3 lor kv energica
Note: Tha resp of & y far ol -d

Expome 8 [ TMP]

by Fom st el (19840

- -
Bavm Doy
C Tevsiad ey

[ smrewions stams 2 [

Fig 3 Ecuon.cs block dagrm of pronpal looe |

oruoes Node thal the maye swilckes
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Fig. & Deal jacge calibrstion curve for tae Dy
wold-slaty detesior

Light-scatienng chimber. To analyze ag eveni
a charged particle muest pas through O, snd D,
it ronGdence, o which cas & Dedsurement of
ibe encrpy loss w obtained w Dy If the parucie
penetraten fo Uy an anxlysi of the pulse beght
5 O, s abo obiained, aleag with wmicroston
aboul whether of Dot the paricie perstrated
@t Dy

Table | pves some wdditional chariclerstion

COSMIC RANIATION BELIUM SFECTRUM 3519

of the telmcope, the ladividual detectors, and
thelr responset to particles in the tricacope. The
xeometrioal factor of the telmscope s 083 ** 9
n edwr.

Ingt wment glectromics. Figure 3 s o block
dagna indecating the princpal Jlogic clroenits
= the inmtrumget. 1L s importand te nete that
warh Gicharcel pulse beight snslywer on D,
sad 7, independently has two dymamic range
of eperaticn so that large pulses from chacged
particles I £ € are arclvand. The calibmated
puils hegght ranges are pven in Figure 4 for the
D, atalyver, and s Figure 5 (o7 the D, snalyser
The data from the analywis of & Eagle event
are stoted in & )5t aseumolater whick
read out off the avéfage each 50 peconds and
trac.mitted (o the eanth for duts analysa In
sdd:tion, the counting rates of particies are Gi-
vidvd “secording Lo particie Taage as showm
Table | and resd-cut an the sversge sach ~50
wconds. Fo- high Sux levels the analyss chane
neel sawmpdes the composton of ™ rucies, whereas
the tounting-rate channcls mézsare the true
flux of the meomung partcies according 1o par-
tielr range sn the teiewcope. With an over-all
couatuig fale roslulion of ~J0 s, the dy-
Bamic range for Oux EssuivEeRls Deudes
even large solar fares.

Datector energy resolution.  The esergy reso-
lutios of the D, and D, detectory and amplifers

waa vestgated 0 the bbomtory. Three prin- -

=pal fsetors limit the resclutes of D, for &
vertically inndeat partiche : the umiformity of
depletion depth over Lbe senmlive ares of Lhe

3
'i: L= J T 1
i | |
i :
o | |
2T | Copurns b LJ0eF - ) *
Elwp
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Fig. & Esergy resolution for 43-Mev belum
suciel frem the Amgosse Natiosal Leborstory
cyelotron. In addition 1o the dirers bears therw is
& lowaorrgy backgrousd distrbatioa of belism
suclei whose cutoff st ~16-Mey esecgy bom pro-
wides an independent ealivalios of Gelector dre
plruca depth

datector; the Laadau effect; and the neiss from
the charpesensitive amplifier. The polse Jevel
of the detector and smpliSer was exmivalent to
spproximately 40 kev enerzy low. Figure 6
shows the response of D, for 42-Mev & parni-
cies. The overll resolutics of D, is 720 kev
full width sy balf mavimum (FWHM) for ver-
tieally incidest @ particdes. Sinee the senstive
ares of ile gold-mleon detectom extends shghtly
beyond the periplery of the gold depost, owing
To the fringe eirctric field, there evisty & e
whose area Iz <3% of the ral ares withm
which the charge collection droge W gare. In
the ecincidence mode DD, this effect onl
dightly downgmdes the cverall resolution of
D,. Correctices for the Landsu efeet in Dy be-
tome comjettive wih anrument resclution
sbove ~55 Mev/nuciecn for helism nuslel. The
Cel-photediode D, resolution for relativisie ”
mescrs and $0-Mev He* muclsi bag heen pal-
Labed [Fen, 195, Figure 4]. Wik tke ampiie
fer sutputs from P, and P, mized s wn
Figuie 3 to incresse the signal-to-coise matio he
the factor 1.4 the over-all resclution is 17 ta
5% (FWHM), depending oa Lus Sotal ety
deposited in D,

Lareansy &f detector raaponse for | < Z < 10,
We uummpwmmdm&
detactor for both Lhbe amoust of energy lost an
A fnevion of pamicle eoergy and for merey

1

« AN RIMPRON

kit 2s 3 functian of partiele ebarge. Ze. The re-
spoum Lo protons w Loess cver the enlite eo-
eEY lows mange [Some, 1064]. For 2 2 2the
bighestsoergy particies available to o* in the
Laberstory in 2 bosm with excellent energy ress-
lition are Limited 1o 10 Mev  .cheon. Sines 10
Mev/nuelecn pasticks of 2 2 7 weald end
thesr range within the XO-micren cepleugg
depeh of D, we would be mesring 19e tota)
wmergy' lose 1o the depletion regico difusion and
~euld pot be taking into aresunt the sdditiooal
rharpe enllectrn frum beyond the depletion
depths by diffesoa [Kock and Messer, 1941]
Therefore it is essential to messure the eoergy
lt by 3 particle pumsag rompietely through
both the depletion and diffusen rrpens. To acs
ramplish this we peduced the reverse bas po-
trntal an the D, detector s that the deptd of
Vier combined deplietion and diffusion regos was
e than the particle range. In this wiy we
meauted the esergy lom for H, Be', He', C, O,
wed Ne nucles at 10 Mev/nucleca energy. The
lincarity of response i demonstrated i Fig-
ure 7 for depletion depthy of €8, 75, and 128
Eartunr. The addiional charge solection by
dilfusion may be mterpreted as an ncrease in
the depieiinag depth. From these Seasurementy
we find that vhe diffumon fegion i the Dy gold-
mivon detector » spprocimately 10% of the
deplotion depth.

b owell koown that the semtilation Lighoe
cutpat from Col @ ned linesrly proporiional to

W erergy oet m & grestal. However, for belium
Ancley Hhae rortectaon <3

Prefhght and infight cobibreticns. [n sdids-
tion to the detaied calibration of D, and D, de-
feelorn umng sccelsrator particle, it was essea-
tal to provide periodic checks oo the sabdity
ol the calibration throughout tha predight &-
vionmental testing, ris vibratica, vscuum, and
fhermal trois, and oo tse rocket before lsusch
This was secamplohad Oy appiymng az external
de biss 10 diabie all the caincidencs ciruits so
that pulses from the individeal D, and D, de-
tectors eould be amalysed by their PEecUve
pulse beight analysers without requining &

* We wish 1o thazk Dr. A. Ghiomo ssd the stadl
of the Lawrente Radisuon Laborutary, Univecmty
of Calfornia (Berkeley), foe making avalebly to
e Lo Hilss aooeleraior and faodsies for Lham
- ediom




ClakiC RADIATION HYLIUM SPECTRUM

Cirgy Lo @ Sa-B Sytepigr B, ()
-] 3

] . J

I.-“nm
cEveits ideotical 10 theaw of

DD, or D.O.D, coimtdence Am™ sources of o
partcles (53 Mev) were permansetly mounted
oa tha Myhr foils over exch delector. By in-
troducing seme absorptics o moustiag the
=ures, the peaks of ke eergy distriyiioae
were brocght invo the Sigh-pin rarges of Fig-
res 4 and 5, whils » !ﬂn‘r;h:.ttc:.;;b-
ey Gl fal Dty the lowguia mops Thun
the peak chaizme; Bumber and ringe wwitch
Poat could le checued by dicablicy the onin.
cidescs cireuits The Am™ earuce wiengty
s D, wg <0} counl/sre, o that mmall Suses
& the D, counting-rute chazcel would be meas
ured domeg t. Thbe entite iInstroment mam.
Baised its mital calbrution over the é-month
Peraod of prelghs Nt

W bave found thas vbe helum data obtained
& Skt prowils b bes avalab. albrata
of e icstruzest after lagred

Stabdity, Wukin the temp
=10" B +40°C e marimus
e pulee besght Loalysers was <15 chunnely
over tha entire kigh-gain and WG Manges of

352,
D, (Figure 4) snd the bigh-guin range of D,
(Figure 5). The lew-gain range of D, thifted
by =~3 charsels sbove channe 0. The threst-
olds for the uEURg-rate channels were cog-
Wast within 0% over the sbove tempersiury
moge In Sight the mtellite thermsl cogugl
maintaised » temperatore of ~20°C with &
mANimum chinges of <5°C Curnyg the 5 moaths

We found that the performance of all whe
soldd-mate detectors was ®tielactory Urrough-
Out the S-month pered, indica

This conSnms experiments ia our Lboratory by
Turslimo, Kristod, and Perking {utpublsbed)
o0 gold-slicon sufface barrier detector

iz a'sudy of the instrument beavior for ithe
S-month period after lsuned we
malfusctions i electronic circuite, but fortu-
tately nome of them present probless for e
isalyss of car belive duta Eimt, there was &
grdual dowmward gain shift of ~15% i all
high-gnin mode channels of D, over the S-zmogen
Penod; It was corrected s the analysis by the
cahbraton of the mstrument
data Second, at the

TR peeion data; it i due to oL pulses
‘Ppesnieg o Dy channel <15, Thas ‘crossell’
Wab pot presest bafore Luach.

Although these philts muss be taken ®to ae-
oouat i he mody of pariacies with 2 > 2 and
iz the analyeis of whether there s sgrificagt
belicm companent sl very low enerpen, they do

" =% the belum spoctrum sbove 30 Mevy
Buciec.. that we repect in thus paper

Teleacope oruentation g orbwtal parcwetery
The muin avis of gor telescope was sormal to
the wmun axia of the mateils

42d cluded oaly he distast 11,

d the Setaded o ecluts
of s mtallite kst i the echpeic plaze and
the variaties of the RS-Alages angle ard the
solar sepeet angle with time e gives by Neaw
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TABLE 3. Imp ) (Explorer 181 Urbstal
Parameions

Nov. 17, 1963,
IS0 0T UT
VLS boury = 39

daye
e

Lassch daie
nitin erial piviod

dnsbieat o (9 eartn'a G Lo
dhighs aerar swn of macwel g
=]

Edvontricais

s tial apogre 17,616 km gro-
cenirg distascs
(w3l enrih rads)

12 wm

4"

#2337 rpm

n*

Initial remgpes
Irinial spoces s angle
H 3

o wun anghd
Righi aerermmm of s anis iten*
Declraticn of spen sum -3
Nete: The satellite sprodde % o Ue erbetal
P st 8 deslanew beyocd 30 earth radi

et ol [1964]. In Table 2 we Lhave sammari,
the crbital parsmctons for the apacecnalt, Sinee
the orlet w stationary i inervial #ace the
&pogee sppeara 1o fetsle clockwiae with respect
to the sun-carth loe at the rate of = 3* per day,
as observed from 1he sorth pode of the sun,

The total weight of the matrument i 36 kg,
andd its total power roquiremset is < watt

I Tuz Heurs Seactacw axs Firs

Daia selrct.on gud emalpse. We hive soried
Lhe mise Leght dats accordiag 10 whether or
Bot the particies pesetrate inte D, Those st
do ot pemetrate sre riamified 21 antwoisesdonce
od ate wsed 10 determine the pifi-
spectrum. The dats are gathered
wn the malrument s outsl

At the Coddard Srace

‘ol evenle
mary Leis

far al} Lirers
scaation belis

lmp 1 smtelite (wapublished 1954) we repened
the appesranoe of reeurnng IT-day proton
sreams daneg the Smonth period. bot we do
st End detectable chonges in the brlam s
thum st these tmes in the CLOTEY Traage o
#crred heve. (G. Gloeckler, “Solsr modulation
of the jow —=itrgy bebum spectrum s obeerved
o the Imp 1 sarellite” 10 be published. ) There-
fore, 1le oniy dats we mave extuyded were for
the wod [olovwing the wir flare of Mares
18, 1964,

For a wweifr mesiear wwtes with mocent
kinetie energy E estenng at an anghe & wab

FAX. GLUHUKLER, AXD EIMPsGN

Fovpeet o the main sxis of 1he telescupe, we
have eompmirnl 1he owrey dow i D, aned the
iotal myadial energy depisited w0, sl .
veried ther imte ajwoprate channel pumbess,
taking account of both the koumn  ickewugw
ebarbers in Fitsare 2 snd rulilinisons slmevecy
i sretion 1. This, for cack kins of farticle on-
tenag a1 angie § we oltsin s uRGpar furyr that
we rull & purtiele ek’ in 3 jlane wnh the D,
cldned awpber as the aleeiea aed ihe D,
chansed number as the ardiaste, For a range of
# lfreem 0 10 30", ihe « =t falrition of ssdmodual
tritks procfaies the arena shown o Fgare &
for He* and He* in 1he haghrgam modes for bak
D, and D, pulee beight 3naivaes We bave -
cioded & trek for mommally ineident H* 10
Wastrate the magnitwde of wTarsten w Duckrer
specare. For the teleweope promstry shown
Figure 2 the merementa) cetitnbemtions 1o the
tetsl gromeirical factor are smul for values of
¥ > 23% au shoum in the sppeodin (Fagure 12),
Consequently, the mun distnbation of daty
Tk anmng (rom argular sjred of weident
partickes will lie well imide 1the boundaries
*hewrn ia Figure 5. The addiions] efacty of D,
snd D, detertor rescliiion detie=rd m section
2 alse coatribute to the rprewl of dats ponta
We find that the spresd in our arabvard dats
agrees wilh sur eefmnabion of thee efrets the
drcussion of whech we defer 10 3 Jeber japer.
They do ot present & pwoblem for the anahws
of belnm noelss 2g Torg aw we do not attempd o
eiarate He® (rom He'
Some of 1he raw data from Imp 1 are super-
I frolated cumes ia Figure 5, the
dstnbution of bring pdotied direrly
froem an eieriromnse com mter in incremcnts of
clanoel number. The dependencr of fata naist
e on the sumber of evruity falimg e 1 acme
coordinates of the D, — D, plinp is dewenbed ia
the Irprnd of Figure 8. We find that there i a
cHar wraration of belium from hydregrn. The
crose-1alk events doswed i sectean 2 are
found below D, channel 18 aad pamenty i the
D, low-gain mede Xear tie range weitch pomt
D, ke sample of belum EUIBL @ sbviously
rmadl and comparable to the ha kzround. Theres
fore, we have rut off our GUABTTAtIVE anylveig
it 30 Mg leva for the results we fepart
'h paper. The apper energy cwroff for amaly-
s & determired by He' srostraten =itk D,
detector at W0 Mev/nurleos. On the basia of

T=d en the &

Possts
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D, High Gain Chonnel Nymber

pats =

i

10

Fig. & The soled-bins curves sod eticloey atran adratily the maireda !
sockei sod tnitium hased on the calibraiscn rurves and sheorber guinibe e

particle lelewrope, Figure 2. The masitais angle

i serwptapor g0 X*; " i

tidensy. The dais pecits repreerst maw dals froos 40 erbeta) periods. Fer Y

dimnbution of dais pewnits was plotted direetly from sa cireironss comp —
ol chanarl pumber. The cae of the dot i3 & Weamee o the pumber of evemis ol

The smalit dot evjuals | preet: the laravst dot o (e heslum Popuiuos s B eve
high denmty of events with O chsaned €13 is mostly due 10 croms talh betwesn o

these gelectran prrevdurrs all the datn reporied
Bere (3l ir's 'be D, snd D, lugh-zain made.
Since the teleauctny hmits the asalizses 1o onlv
1 event apquonma iy every 50 woousds, we ob-
s & rasdom samplng of the compeaosts o
the cosmic madaven whrh pomerves the vl
tve charpe & Linees of the compopents
Thus, the number of be cvimls accumulyted
= the hogh-gamn D, gaua Dy plane s mt
s mtasure of the brium Bux, but it ] de
peod ez the relstive danee of bebum with
rerpedl o all other ard componente. f -
cauee of the relatively jow sbundance of helien
th respeet to all sther possible amalygabic
events, and bevawse of the jow tolemetry read
out rale, the towl number of belim sucls
the smergy range 120 to 360 Mev totai kunevs

)

enerEy acenmulited 0 oor orbpal | waa
typecally sbewt 20 Thes roquires e nng
of the data over 40 orbital peric”’. te - teim
the san-jenl ppwctium re o ted L

The Lita were snalysed ss fulios e Bl
determased the helium 1mek Uy umng the ex-
prrvmental data 1o compute the mesa O, chan-
nel sumber positoa for ench O, channe] pum-
ber. A smeoth curve was Stted to these P
which represcnted the mest kkely ‘orater of
gravity” of the belium popaiston s & functcs
of rergy

By seircting mx energy intervals we obtaiged
siv irequency hotograms of D, chanss pem.-
berw. By amignieg the D, channel track nositica
b 0o channe] sumber, we ohtumed the rela-
Uve chanmel number dstridutions sows @
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The dusbed lice repsencnls the mterpolatod bael

mmmm.m-w;m

hinmtummmwmp‘mlam!ln-ghnnﬂf.-mmﬂa‘awinui

CRATEY Mge pebriraly Ue aucoissidesos

Figure 9 I thoss datz we note the prescace of
S0z backgrousd, especially for the lowest
mespen, anmng {rom low-energy suejeon dis-
mtegrations that do mot trigger the D, scintil-
lator. This background was subtracted from the
belum distnbutions bY empuizg rumamg
averages for each distrboticn. Albough the
Averaping process teoded to broades she peak
distributions, w¢ were able to make back ground
SATTeCLions Pepiod y ard unambigugualy,
From the dx disibutices we obtain the six-
pomt differesiial erergy spectrum i Figure 10,
s g the Soves ealoulated below
We require wiormation from ke ccunting
0, Dy b, D, 10 determing the fiux
~arieles. The palse hesght anslysis
v Tatio B, of the pumber of svents
elic atn 1o Lhe total number of
2 “geer the D, detector. We
é mx.og 7w from the Sumber of
: A “irate to the D, deleric~
1o the puoxciv “ZeLALRZ the oom-
e teleseo dence "on” events.
Il we aall the D, L. B, raniing mte C, and
the geco wriea] femna - AD, U e

ignl b o 2x CAQ

The Emergy spectrum. The diferestial e=-
ey spectrum for the primary belium puclsi is
shown ia Figure 10 with error bam prmaniy
&nwmrwmtymﬁ-mm
wdividual poiate eculd be determized. Emun
dus %0 background mrbiraction and fSur mess--

e e T T
- n - e

i ]
ity of i

- - . -
Tent ¢ e gy of S i Bt




COSMIC RADIATION HELIUM SPECTRUM

uremmonis afe alSo included. We derive & powa
L dependemcr with s expenest of +14 =
02 for the specttum by seuming & straight-lize
Bt 10 the mx points The aversge dfferemtial
belum fux in b esergy range is =003 belm
moclean/m" see ster Mev, It & inicresting w
scte that the astisincidesce ‘o cx1of emergy
for He' is a2 315 Mev Syt at 357 Mav for He*
Consequemtly, the Sux of 315357 Mev beliem
auclel i Figure 10 sfaes from He' caly.

Fo pointed out that, al metpes beiow 30
Mev/suelpon, bockground evests made it difS-
cult > determine the fux of belum Them i
Latle oult, however, that » subrtantial fractios
of the ssalyeed evests ia the range 10 o 30
Mev/zacleon are helnaa sutle

The Meliom dux was contiououmly presest
over the 40 orbital peciods from whick de time-
sveraped spectrum @ Figure 10 was derived
We Scd thas the beliom fior level over the es-
ey mage o Figure 10 meressed by ~33%
over the Smeath peniod. In thes same tie the
Berase s mistivigie prmary pootes Sux de-

3335

nved from oeutron Messty momitw dats
N o R

4 Omcix or pa Hme Neam oo
™HE Sowan Mooviaview o
em SAcTaous

Three {3cts conviace us that the bebum spee
tem 0 Figume 10 is the medulated spectrum of
Stentelr belum moein asd sot & Sux of solar
ongin. (1} This speriram of belinm nuclel wan
coctmually poesnt over the entits period of
measurement ahd 6ot correlated with solar-flare
phenceasen. (2) The helum spectrum jouss
aoothly with le highersenergy bebug e
trum cbaced m balloca cbeervations alresdy
deatifiod as palactis radiatin (for example,
Fichiel, Guss, Stevensom, ond Waddimgion
[1963]); Froer end Wadiryten [i064]). In
cSmparsy those results in Figure 11, we mada
e reasozibls arwmmption that the Belium Sux
coissts momly of Ee', 1o that we may sozvert
e suerpy mpectium o 3 magoetic rigdit
Foalium nooe e balieon wlUtude cleervasioos

L T TR . ol s

F§F

£
SRR o e i i r"]

- S 1 - iy
T RALUDON sasssa TS
, DOON ndasymieig
e e e ——
I ly, a3y

e ——
i Dt (3% ey, WE

is

Byrr ol b g (Tt

Fig 11 The mectrum of belivin soclei as o fuselion of magmeit ng-dty For comparaca
hnem

the petilbed Jats &b Mpber ecoroes [rom

cbervalione are sbows. i we comected

the balloca data for tize bmuuw-ﬁr-ﬂm.mmm-ww;:-a:
mmwmwmqmmlwm-imww.

i




Li2d
wert Prioned @ s of ot cigsdiy, A\
Iwtter i rockl e seade i 1he changrs in sy
brivls errrmag over 1he jrawe wiercals of 1he

e NEnetivOREls af-dng (mag tle |]evead
mdar ausiilaiasn wem obeu moe areusas
Frem nevtmon inten LCTITLIE g - SR E e
wr adpdiony thet b roweoeny o 1he eelatinget i
iy Creiti |]-awaf rolar aestabil sy sluwa

ot
m Fypar | eomtinges tlirwagioig 1l perenl,
lewng approsumsily 65 b the S-memsly wtee-
val over wherh the 30-00 Mev, suckron belinm
finy mermaod b ~257, Qo Thids ks
P rajweried belatwer (o e saler
of an wienaeliar «jeriram, bevaase e low ru-
CIows ale mofr medabited thon 1he
hegh  ewergs and  Nnapemn, VST
Pacler, [P1], The Yo 1 D e
it afe mestenl with the wervase of low-
FUCETEY R rale ]

T

Ton

=t T EIV
| Mewer
satellite
ahereved by Nodor
| 1467 | dunug jerisls of sslaf mi

Rmer the wrviron wosstor mtensmy—heaes
relativistic  pREmarY  proton il easdlv—pent -
wid i Wfeaee abeve (i Jevel shown o Figure
1 bevond the primad af tler Imp 1 measureawnts,
W ow oeerin that the magnctie medukvomn roe
g that was decaving Leyond the eurth's orbar
wae effeetive for modulating the low-nerp:
belinin =jweiram ot all unes durmg e S-meamth
period. Therefore, viw e iteraellsr siwetpum
af Be® plas He* i the viemity of our sa? sise
fem shoukd lonwve an eapocmr suierantully fres
than e o |4 psrarured @ Fagure 10

Pt A

The protus spectium wae o vd ont Jrap )

by MeDo=ald gud Ludwig [1904] a3 the same
Vi 28 gl beliaum obmervations. Tleir S-manth,
horsversgsd spectrum b abo apresiuis]
b oa ower law B eNGOERT = 15 over 1he
iEN POPTEY PET Btk s inberval
teos and belium specinuns appear 10 kave the
same form of velocity spectrums. It B amnoni-
abl, aa w3 noled wn the wiredurtion, (o deter-
mune wheiler or not there are reiative difler-
ehices in the time tote of change of 1he proten
and helmem spoctrigns during the doray plias
of the solir meainlstion. This preldem w oow
unde: nve t&ation apd wi Le reperied Liter in
& paper by Gloeckler, "The time drprndense of
the low—trerg belum spectrum, '

Simee galacter belpim puciey down te 10 Mev
Butioen en rrach tie ortit of the rarmh near
solsr minumum, other ariscies of hizter elarge
from the intermeliar madium o the los saergy

i

1r, T pro-
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Pangr ale havr arpess to tin wrlm of 1he canth
wil thie tiner s aee lreg merssurnd,

Arrsxmix

FEPLOELR 10 foam-p)
T TR Y O el

o Borprenps

:
b3
H
i
3
.
!
s
i

e 12, The dffeeatial presuirsal [artior
G (o the irlewrepe shown o Fuonre 2 3 [
funetion of nommabisd jwil bugh L, = ke D,
detoctor, wheee | e thee jath bugth of the e harged
Paftrlt m the =a-dive rnna of the deiretor

Arkswwlplgmenis, Wr arv griietul 10 e ol
at the Geeldand spsree Flight Conid-
Erateon of our Pavinesl ale
viv lnunebite. sed e ¥ irireelry

ts. In g wloy, wr (lenk Vasl Bailer, Fregk
Melugald, Norman Ness, HRolwrt Martn, and
tlerar stafl

Withan oeer group we are mest o prremtoce of
(1 rRnacrnog mbe) cheviout of fer el rumeal
by R Juesjaet, awwtnl by ). ToBlssr snd the
lebsorateny terhowal safl. The detovier drvelen-
B % o A Tumolso aml L grows wee
Fernbal lo e merve of (be Pyeniaest. The
rrjanatoa of renatey prwrare and sty pee

1 lur analyms were un-denisken by €2 larnig,
M. Caw, wnrl C. Srbsasl Wi i sk J. Lamjodt for
his Qametoire og many terbawal ool slouse re-
Lve jarcldewne

We wioh fo thank the asll of 1he \rponne Xa-
tisaal Laberaiore for rovaling we wili 2
Mew rium lenas forliinw, sed 3i. J OTal
lagher for wmaimg ue m the raliveniing of the
At tom

Thas rrerdrmn was mupported i part by 1he Y.
tinmal Arronawive sod Bjare Aslnsine reison i

¢ b 1l (gl
Imap § ~Irfate,

-
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