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We report herein the observation of protons of kinetic enérgy
Ep ~ 5C0 keV during a ten morth perio§ of interpianetary flight by
the Mariner IV spacecraft.

The irpulsive emission bf energet_;ic‘protons (Ep ~1 Bév)
from the sun was shown first‘by Fbrbush.; Massive studies of the
arrival at the earth of solar cosmic rays (protons, alpha ;
particles, and heavier nuclei) in the energy range > 10 MeV -
have been made by iondépheric m.éthpds,2 by direct detection with
satellite eqnipment,3 and by other ‘methods. The frequent
occurrence of begms of protons of gp ~ 1 MeV, below ?he enérgy
and/or intensity threshold ofrpreviously usédAteehniques, was
inferred by Gregoryh from 2.3 Mc/s ionqspheric scatter measurements
in Antarctica during 1959, 1960, and 1é61. The inference of
Gregory wés confirmed and placed on a firm foundation by an
extended series of direct interplanetary observations in late

1962 by Van Alien et al.’

using a detector having an energy
thresheld Ep = C.5 MeV on the Mariner II spacecraft.
The University of Iowa detector complement on the

Mariner IV spacecraft consists of three thin window Geiger tubes

(EON type 6213) and a thin ( ~ 35 micrcn) surface bvarrier non-




totally depleted solid state detector V(Nuciear Diodes, Inc.).

- A description of the detectors and of other experimental details
has been published elsewhere.6 in this note we are concerned
primarily with results from tﬁe solid state detector which has
two discrimination levels sét to count protons in the energy
ranges 0.50 <E <11'MeV (chanel D) and 0.88 <E, <4 MeV
(channél Dg).' Both channeis are insensitive to galactic cosmic

[} .
rays and to eledtrons of any energy, in the intensities found to

. &

bé present by the Geiger.tubes during the Mariner IV flight.

The detector ié gqnipped with a weak 95Am.ahl source of alpha
particles to provide as;gfance of its proper operatibﬂ’in’flight.
The conical collimator of the detector has a‘aalf angle of 30°,
and the spacecraft is oriented continuously so as to point the
center line of the collimator toward the innef solar systém at
70° to the spacecraft;sun line. The absolute value of the
unidirectional geometric factor is 0.065 + 0.003 cm2 sterad.
Simultaneous data from the three Geiger tubes assure‘that all
protons reported herein are in fact entering the solid state

detector through its collimator and not through the protective

shield.




Figure 1 shows the daily averages of the counting rates of -

channels D. and D, during ten months of interplanetary flight.

1l 2
Our apparatus performed properly throughout: "Cruise science" was

comnanded "off" for days 197-21h and days 243-245 of 1965 in N

PP

order to use the spacecraft for other purposes and was rinally. -

" commanded "off" on day 274 for an indefinite period,iﬁgns £erminat-

ing the present series of observgtioné. L
&he daily average of the counting r;te of the Deéit?iven

neutron monitor‘(courtés§rH; Carh,chael) is alSBiplqtted i;

Figurg 1l as is the dailylsum of‘the three-hour geomagnetic

distufbance indices Kp' These auxiiiary daﬁéfprb;idé‘direct

measures of the galactic cosmic ray intensity at the earth and of

geomagnetic activity and thus, inferentially, a measure of the

state 6f the interplanetary medium.

1 and D2 .

is 11.161%. During a solid day of observations 9643 seconds of

The observational duty cycle of each channel D

data are obtained from each channel. Hence, the statistical
standard deviation ¢ of the daily average background rates of Dl
(0.069 count/sec) and D, (0.057 count/sec) is 0.0025 count/sec.

A 3 O departure from the daily mean corresponds to a detection




sensitivity for interplanetary-protons having a unidirectional
intensity J of 0.12 (cm2 sec sterad)'l in the energy rau.ges époted
above. bue;fo incomplete coverage inrthe prelimin;ry Qata used 7
_in this report, typical values of O are sbout 1.5 to 2 times as
-great as that for -an ideal day. | '

In Tablé I tﬁére are listedvzo‘resolvablerproton évents
ha?ing clear statistical significance. It is p;obable that a refined
. analysis of the finalrdata wiil reveal other evenus of lesser
:intensity. Three electron évents (not listed here) on days4
25-28 May, 5-7 Juné; end 13-14 June l965_have been reporﬁeds
previbusly and attributed to direct solar emission.

The following summary remarks result from a preliminary
-study of the data:-

(a) The counting rate of Dl is significantly above that due to
the calibration source for 10% of the period of obzervation

29 November 1954--20 Anril 1965, for 32% of the period of observa-
tion 21 April--30 September 1965, and for 24% of the entire period.
(b) There is a striking general anti-correlation between inter-
planetary proton activity and the intensity of galaétic cosmic

rays as measured by the Deep River neutron monitor (Figure 1).




It is tempting to regard this anti-correlation as physically
significant and to suggeét further that May 1965 is the “bo?tomd’
of a solar activity cycle. e

(c) .Themmosﬁ.intense event cf the series is that of

5-13 February 1965. It is the only one of the 20 events which is

cdnvincingly associated with a'specific solar flare. In addition

~ to the loﬁ;gpgxgy protons shown in Figﬁre 1, it contains a maximum

omnidirectional intensity J_ ~ 8o (cm2 sec)'l of protons

EP 2> 55 MeV as megsured wiﬁh the shieldgd'Geiger tubé. The energy
spectrum of the particles in this event is distinctly flatter
than thatrof any(of ﬁhe other 10 events fbrbghich a significant
spectral determination is feasible. The time profile of the )

intensity of the hard compbnent in the 5-13 February event is

reasonably well understood on the basis of free diffusion in the

interplanetary medium. But the time profile of the intensity of tﬁe
soft component as shown in Figure 1 is not so explicable.7
(a) The time-intensity profiles of most of the oth;r 19 events
reported here are roughly symmetrical and have widths in the

range of one to several days.




(e) - Also, in most of the other 19 events, the ratio of the
cdunting'rate of Dl to that'of’DQ'is roughly constant throughout

2ach event for which the D2 rate is adequate for a significant

determination. The differential energy spectra corresponding to

these ratios can be_reprgsénied“by 43/dE & exp (;E/EO) w;th'zo‘

in the range éOOﬁté’GOOrkevfbr:by 43/dE ~ E-7iyithe7 in £he range
2 to k. ’ »

?f) Despite peiagfeph (b); in only Slcages ieithere a convincing
association between the occurrence of low energy protons at the
spacecraft and a specific Forbush decrease at the earth; and in
only 7 cases is there an associated geomagnetic sudden commencement
(sC) at the earth (Table I). It appears that these associations
weaken as the difference in heliocentric longitude of the space-
craft and the earth increases.

() The oczurrence of successive events (with the exception of
the first two) has no simple relationship to the period

of rotation of the sun, as seen from the spacecraft, *though it

is possible that rotational periodicity is masked by the
combination of several active centers at different heliographic
longitudes and latitudes. A similar situation prevailed in our

>

earlier observations” with Mariner II in late 1962.




protons in the higher énergy range 3 < E, <, 20 MeV during a

e =~different time period may be attri‘butable to differences in

The simple periodicity neted by Bryant et al 8’9 for

- instrumental c’ns:raeterﬁti,e- (1 .m, wnsmerabiymgher Energr - *___
vthreshold and lower intensity f.hreshold) oF 1-.9 the enstence of i

a slmpler actlvity paxtern on the sun during thelr observatlons.r

(h) Durlng no one of the proton events (exeept the S 7e:>”'
5- i) February one) 1s thern an int9n31ty of associated electrons

Ee > L0 keV exceedlng a unxdlrectional value comparable to that

of protons gé >f500'kéVA(ﬁsing data from the Geiger Fubes, not

shown herein). :

There is'littlé doubt that the observed low-energy protons
owe their existence to the sun, either (A) by direct emission at
essentially the energy observed or (B) by generation in turbulent
regions of the solar wind in interplanetary space.lo

Alternative (A) has been suggestedll as an explanation
of the low energy “storm protons"” which were observed by satellites
Injun I and Explorer XII on 30 September 1961. The gyro-radius p

(in A.U.) of a non-relativistic proton of kinetic energy E (in MeV)

in a magnetic field B (in gemmas) is given by




' direction is supposed ti con
tangential d;réepiqn.'”Tﬁé;inbgfﬁianeﬁazy;m

‘and Wilcdxlz,ccrrespgnd,broaéii}gﬁ :

observéaftime-inténsity profiles may then-be interpreted

the sﬁééping of such a populated bundle Of'ﬁgéﬁétiéilxnesiaérq

the spacéﬁré}f. The typical time duration of an event écrrespondék,,
0 a linear width of ~ 0.7 A.U. (5000 gyro radii) at a heliécentriﬁ
radial distance of ~ 1.5 A.U. or to an angular width of the (beﬁf}l!
conical bundie of ~ 25 degrees. Furthef, it is supposed‘that ther 3
source of the protons is at the apex of the bundle in the solar
corona.

Parker™ rejects Alternative (A) on the grounds of "adiabatic

deceleration in the expanding volume of the blast wave" and favors
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Alternative (B), which presumably involves cooperative plasma

phenomena, although he dces not develop Alternative (B) to a

15

convincing level. In a later, detailed paper ~ he shows thal

P

b adiabatic decelervation is not necessarily of importance and we
have alsc proposec a physically plausible model of interplanetary
‘ propagation which effectively circumvents the "adiabatic.

4 deceleration" objection to Alternative (A).

In the magnetospheric transition region and tail, which
may be thought to be known examples of Alternative (B) on a
pertinent physical scale, the intensities of electrons of
Ee > hﬂikev are at least several orders of magnitgde greater
} » than those of protons of Ep > 500 kevlj’lh (as is also the case
l in aurorae), contrary to observed fact {(h) of the preceding
surmary -

We ccnclu&e that both Alternatives (A) and (B) and perhaps
some combirnaticn of th:; survive this gqualitative discussion but
we continuell tc favor (A) as a working hypcthesis.

This work was supported in part by Contract 950613 with
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Teble I

Proton Brents Observed with Mariner IV
26 Boveaber 196h--1 October 1965

Dates Days Eeliocentric Badial  Giffersace in Neliocemtric Maxisun Caidirectional Possibly Pertinest Solar
1965 1965 Distance of Spacecraft Ecliptic Lomgitades of Intensity, J Activity az feen
(1ncl.} (Incl.) (a.u.) Spececraft end Barth 0.50 <R <11 We¥ from the Berth
: (Bagrees) (uz :o: c:ed)'l
812 Jumar; 812 1.06 17 83203 S 2 araere
5-15 Pebruary 36-Mk o7 - 1.15 -1.9 o sx?.’&.{vg';
} 20 aprii 1 1.39 2.5 0k +0.1 151:}.205;.;
" 7-8 Hay - 127-128 1.bh -3.¢ 0.8 9.2 —-
2€ Yay 146 1.88 -M0.3 0.9+9.3  eeee
27 ey 17 1.88 -h0.8 1.1 0.3 . c—
15 Jme  152-15% * 1.5 .2 5.0 +0.2 B ot
12-15 Jwme  16-170 oF 1.52 -50.% 1.7 +0.5 I i
21 June 172 ) 1.53 -53-2 06%02 e
Bl imar 1.58 -57.0 a23c.2 2;'5::%
2-3 Jay 183-18% 1.54 -58.% 1.1 # 0.2 ——
%6 July 185-167 = 1.55 -59-7 21%02 e
10 July 9 . 1.55 - 62 vk 0.1 ——-
13-15 July 192-196 ¥ 1.55 - 6.3 €4+0.3 eeees

%o Observations

1€ Jeiy--2 Aig- 197214 - s T

3-% August 215-2i6 1.57 - Ts.b 1.h +3.2 ca———

6-9 Aagust 218-221 1.57 - 764 6.6+03 e

17 August 29 ¥ 1.57 - 81.0 0.8 + 0.1 151:;.203:;1

26-30 Mgust  238-2&2 1.57 - B6.g : 60+C3  eeeee

%o Observations

31 Mugust 243243 —— ——— seee= e

--2 Sept-

22-25 Sept. 265-267 1.5 -166.0 0.8 + 0.2 e
25-26 Sept- 263-26¢ 156 ' -101.6 95401 e

Hotes: {a) Beliocentric ecliptic longitude is measured counterclockwize as viewed from the narth ecliptic pole.
{t) Maximm intensity is derived from the highest four-bour average ccuntirg rats during the evept.

(c) The right bana columm is extracted from the monmtkly “Compilations of Solar-Geophysical Data™ of the U. 8. Department of
Comme? ce WBB/CRFL, Boulder, Colorsdo.

{d) Positional coordinstes are from Jet Propulsion Laboratory ephemeris IBSYS-JPTRAJ-SFPRO 111666 of 15 December 196h.

{e) In the secomd column % denotes a magnetic SC and F denotes a clear Forbuch decrease in galactic cosmic ray intensity
observed approximately simitanecusly at the earth.
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