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Wave particles interactions prevent low cnergy cosmic rays

from propapating at velocities much faster than the Alfven
velogity, reducing their range by ac*factor of order  50.
Therefore, sunernovac remnants camnot fill the ncutral portioms
of Lhe interstellar mediun with 2 MeV cosmic rays.

1. Introduction, Several authors (Spitzer and Tomaske, 1969, hercafter refer—
red ta  as §7', Snitzer and Scott, 1969, ¥ield et al., 1969, Goldsmitlv ct

al.,, 1969) have assumed thatr low encrpy coswmic rays (of cnergy less than

10 MeV) are reswonsible for heating and jonizing the interstellar medium,

ST proposcd that tvpe 1 suﬁcrnova reimants could establish the required
density of low encrpy cosamic rays in the interstellar space. Their suggestion
was principally based on cnergy consideratiens, plus the fact that the velo-
city of expansion of tywne T supernova shells is that of 2 HeV protons. ST
Jurther arrued that, since a 2 ¥eV proton can travel several hundreds parsces
in interstellar wedium before losing its energy, cosmic rays would spread
throughout space. .

, In this compunication, we point out that when the effect of the galactic
magnetic field on the wropapation of the cosmic rays is considered, the effce-
itive range of these varticles is reduced from ST's cstlimate by a faetor of
order 50, Therefore, sunernovae cannot £i1] the interstellar medium with

2 HeV cosmic rays., The relation of this result to 1light cleuent nucleosynthe-
sis in the galaxy, as well as othier possibilities for cosmic ray heating of

the interstellar wmedium, arc discussed in scction 1V.
"2 Streaming instability., Cosmic rays vhich stream through a magnetoplasma
Jaster than the Alfven velocity, gpenerate hvdromagnetic vaves of uvavelength
icomparable to their Larmor radii. These vaves in turn scatter the cosmic rays
in piteh anple, and reduce thelr bulk veloeity to a few times the Alfven
wvelocity (Kulsrud and Pearce, 1969, hercafter referved as KP, Wentzel, 1969).
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E iven if the, cosmic rays were ejected from their sources at greater
'snceds, they vould slow down to n the Alfven velocity in a very short tiwe. !
To demonstrate this, let us consider a sinple one-dimensional model. We
.assume a wniform field B = 3.1070 gauss. Since the grovth rate -is maximum

for waves propagating parallel to the wagnetic field, we only take those inle
account.

h Yollowing Kulsrud and Cesarsky (1971), we consider a coswic ray beaw

‘streaming olong field, with a womentum distribution
"
¥=¥op P for 1x>1’]

where P is the momentum of a 2 MeV proton. The cosmic rays are isotropic in



a frame moving at a veloeity V., with resneet to the awbient medium, The growth
rate of the waves interacting with 2 MeV cosmic vays is given by
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there “CR = number of cosmic rays with cuergy above 2 l-IcV/cm3
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Bo is Llle sl.rongth of the magncuc field, and
m the mass of a. proton ;
"s: the density of ionized paruc]es,
cud=3 g
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Vi is the Alfven velocity.

_\v?c t‘akc NC‘{ = 10“7cm-3, corresponding to a hydropen ionization rate of

‘of [25.1071° sec”!
q = 4.5 and I‘-o = 3 UG ;
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in the interstellar medium. We also take n* = 0.03 cm s

then, VA = 37,8 kn/scc.

i ¥e estimate the time scale for decreasing the bulk velocity of the
cosmic rays, by equating the momentum lost by the cosmic rays to that
inained by the waves. The momentum associated with the streaming of the
‘cosmic rays is caual to N ; m/e ; the mouentum of the waves resonating
with them is caunl to thetafher gy densily in vaves. W, divided by V
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If,’at t =0, V= \Iinnd W u'l-]'i',‘at a time t we have :
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Y is determined by the initial conditions :

Wo = u. + NCR \1'}t Vi m

Jake V¥, lngcm/qce. A lower 1limit to W, would be Lhe energy of waves in Lhcrmal
cqullaﬁrlun with the background medium :

-

L 3
where the wave number k = 1.5 Iﬂhll cﬁ-] for waves interacting with particles
of 2 eV, If KT = } eV, the time for V} to becowe equal to 1/10 of VA is 3
: w, ‘A
v 1 110 6
tE - — v = 31,10 sec.
a¥o o i

Therefore, even if the initial bulk velocity is large, it will decrease to
nearly the neutral velocity in 2 tenth of a vear.

3. Ranae of a 2 MoV cosmic rav. We vant to c¥aluate the distance . at which
a 2 MeV cosmic rav will propagate from its source before losing its energy

to the medium.

It turns out that in the model considered here, darping has a negligible
cffeet on the steady streaming velocity. Waves are dissipated principally by
‘the collisions between neutral and chavgped particles in the interstellar
.medium (XP), If the ionized part of the interstellar medium is mostly hydrogcn,
the damping vate is M* = 1,53  10°7 ny sec”! iF the tcmpeaaLurc is T = 100°K%,
it incrcases slowly with T up to 8.4.1079 uﬂ scc -1 for T = 104°% (Xulsrud and
Ccsn:rLy 1971). Tn a steady state, if nyg = 1 cm™ (“ - 1)= 0.015 to 0.085 ;

thus, the relative veloeity between the medium and thc cosmic rays is almost
cqual to Ve
< -
‘Sinee the rate of diffusion is much faster along the line of forece than
;perpendicular to them, we can treat the problem in one dimension. Let
‘be the life time of 2 2 MeV cosmic vay in the medium considered. In first
vapproximation, ve can write the diffusion equation for the cosmic rays as :

v, 23 _E § 8§y -F
—Aaz 5-1) * (2) T

~where z is the distance to the source along & tube of forcc, and S is the
istrength of the source. .
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4he mean range of the particles is

. e . . ‘
Ll=2VA'r-2LO--{}=-8.SJpc
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vhere L is the stopping Jength due to iomization losses in a gas of density
-3

n=1lcom>: 1.2 570 pe {(Palgarno and Mc Cray 1972) and V is the velocity of
a 2 MeV proton : 2 x 109 cn/sec.

This caleculation assumed that the spectrum of” the particles is indepen—'
dent of z. In fact, because of the energy dependence of the iomization lesses,
tha spectrum will flatten as one gets away from the source. To see this, we
write a more cxact diffusion equation :

‘RF 9 I 1 d dp
~, - e [, T
e "3y O T2 5 (1! F) =
Neglecting dynamical cffocLu, we cap Lind a stationary solution to this
equation. Since the cosmic rays effectively strcam at VA’ we can write it as
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vhere we have written the ionization losses of a fast particle as @
3,
dp . A ..?:T"l\""
SeEtE AT =
P LI
‘The solution is :
q

¥(p,y2) =
. ' 3 A + 113 4/3
2vA(

“'
‘For an injection spectrum of the form S‘*G—~) , vhexe E is the kinetic
-encrLy and Eg = 2 MoV ¢ o
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. At oa diglnnce z from the srource, the spectrum LUTNS over at an onergy
'it o Ho (.%_ )AIB (for example, if z = 100 pe, T, = 10 MeV) ; for

FE <<k, , the spectiral index of the cnerpy spectrum is positive and equal to 0.5,

|
3. Conclusion. We conclude that 2 MeV cosmic ray can £il11 the neutral por-
tions of Lhe 1ntcrﬁtcllarlacd1un only if their sources are separated from

each othér by a distance € 200 pc. Supernovae and {lare sLars are not numerous

enouph but mapnetic stars way be a good candidate.

Alternatively, if low energy cosmic rays are generated by sources that
“are distant from each others by more Lhan 200 nc, the interstellar spectrum
should exhibit a turn over around 10 !eV. This has iwnteresting conscquences,
,I-IO recall, thag, in the sntroduction, we stated that Jov energy cosmic rays
. ihave been proposed as sources of heating and ionization of the interstellar
mediwa, The totnl rate of heating and ionization is proportional to the power
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input in low cnergy cosmic rays, alwost independently of their mean energy or
their spectrum (ST). In the recent past, this hypothesis has bren pur into
question, because it predicted a higher population of doubly ionized states

of certain jons than yas observed by the Copernicus satellite (Ueisheit and Tar-
ter 1973, Meszaros1973). 1t appears now possible that charge exchanpe reactions
betueen doubly jonized jons and neutral hydrogen can depopulate these states,
and reconcile the obgervations with the cosmic ray ionization theories

(Steipman 1974, Collin-Soulfrin 1975).

4
Low energy coshic rays, with enerpies higher than considered here, are

believed to be respensible ffor the nucleosynthesis of light elements Li, Be,
¥ (Menepuzzi et al, 1973, Meneguzzi and Reeves 1275). Only one isotope of
these clements, Li‘ which has a very low production threshold (9 MeV/nuc)

"is stil) a problem, Meneguzzi and Reeves (1973) find that the formation of 1i
could also be accounted for if a low energy cowmponent is superimposed to the
galactic cosmic vay spectrum. Nowever, to ohtain the desired rate of formation
of 1i° without getting too high a value of £ , these authors wust postulale
that the low cnergy part of the spectium hag a ecut off in the range 5~]10 MeV.
Ve give here a natvral c§p3nnntion for this cut off; thns we show that intver—
stellar production of Li° is compatible with heating amd ionization of the
interstellar medium by low energy cosmic rays.

I thank Russell Rulsrud and Maurice Meneguzzi for helpful discussions.
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