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I. Introduction

The purpose of this report is to outline our one-dimensional transport model for
cosmic rays propagating in the interstellar medium (ISM). The equations
described here have been used to prepare a numerical model of galactic cosmic-
ray transport which is used for investigations of cosmic-ray composition, the
sensitivity of cosmic-ray abundances to cross section data uncertainties, and
weak reacceleration in the interstellar medium.

The basic assumption intrinsic to the equations described here is that cosmic
rays, most of which seem to originate in our galaxy, while traveling through the
ISM are subject to a number of processes which tend to destroy a sense of
direction of propagation with regard to their sources. As a result, instead of
dealing with three-dimensional continuity equations which imply knowledge of
spatial structure and source distributions, we are invoking a one-dimensional
"compressed" view of cosmic-ray diffusion. This view is exemplified by the
treatment of "reflections" at the "boundary" of the galaxy which are represented
simply as a probability of escape from the galaxy, or escape mean free path.
Such an assumption seems to adequately represent much of the available data on
cosmic-ray composition, but may be of limited usefulness in representing other
features of cosmic radiation such as anisotropy.

Within the one-dimensional transport model there is a further assumption that
many of the processes necessary to interpret cosmic-ray composition are
insensitive to the detailed behavior of individual particles. Included in this
assumption are the use of interaction mean free paths, averaging over electron
stripping and attachment processes for the estimate of electron capture decay
rates, and representing reacceleration processes with a Green's function.

The processes necessary to interpret cosmic-ray data are approximated using a
few parameters which, it is hoped, will reveal some information about the
structure of the ISM as well as allowing *background" to be removed in estimating
cosmic-ray source abundances. The parameters of principal interest are the mean
amount of interstellar material traversed, the mean density of the confinement
region, and the average time between acceleration at the source and loss by
escape from galactic confinement. These parameters are well-known and often
quoted in association with cosmic-ray data analysis.

Additional parameters of cosmic-.ay transport are discussed iii this report.
These parameters include the mean strength of weak shocks in the ISM, the mean
time (or pathlength) between encounters with these shocks, and a measure of the
mean inhomogeneity in the ISH. These parameters introduce additional physical
content into the cosmic-ray transport equations which may explain certain
anomalies in the cosmic-ray composition and spectra. The additional parameters
may also be helpful in ridding the cosmic-ray transport equations of ad hoc
parameters and functional dependencies which have been introduced to provide good
fits to the cosmic-ray data.

SEVER O~MAUJQAKS WOPIOAflON SOC a2-01
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The discussion of this report is arranged into sections. Section 2 summarizes
the notation used in this report. Each variable is identified and the usual
units are stated. Section 3 contains several defining and kinematic relations
among a number of the variables. Sections 4 - 10 each describe a different
constituent part of the transport equation, which is given in its entirety in
Section 11. Each part represents the infinitesimal change in the cosmic-ray flux
density, J,(E), due to a different process. Various approximate solutions to the
cosmic-ray transport equations are possible when a limited number of constituent
parts are combined or when a limited number of cosmic-ray species bre
considered.' Section 12 addresses the extension of the transport equations to
inhomogeneous media.

'For example, G. Gloeckler and J.R. Jo,-ippi, "Physical Basis of the

Transport and Composition of Cosmic Rays in the Galaxy,w Phys. Rev. Lett. 22.
1448-1453 (1969)

SE..E COA....AT"S CORORATON 8"1
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2. Notation

A, - isotopic mass number of a cosmic-ray species
A - isotopic mass number of a component of the transport medium
c - speed of light (cm 0a)
E M kinetic energy per nucleon (MeV)
J(E) - particle flux spectrum (particles cm" s" Mev')
J(p) - particle flux spectrum2 (particles cm" s1 [MeV/c]"1)
H - mass (MeV/c 2)
m M atomic mass unit = 931.5 MeV/c 2

N(E) - number density spectrum (particles cm4 HeWI)
N(p) - number density spectrum (particles cm [MeV/c]")
NA - Avogadro' s number
n - number density of transport medium (cme)
. - number density of a component of the transport medium (cme)

P - momentum (HeV/c)
p momentum per nucleon (MeV/c)
Q(E) - injection rate spectrum (particles cue s-1 merl)
Q(p) - injection rate spectrum (particles cma s' [MeV/c]"')
q(E) - injection spectrum per unit pathlength (particles cdl g'. MeW')

- inverse mean free time or rate of a process (s-1)
r,.. inverse mean free pathlength of a process (cme g')
T total energy (HeV)
t time [independent variable] (s)
v velocity (cm s")
x pathlength [independent variable] (g cm3)

-• isotopic charge number of a cosmic-ray species

,y - shock reacceleration index
p mass density of transport oedium (g cm")

• - partial mass density of a component of the transport medium (S cm")
,halflife for nuclear decay (s)

S- time rate of energy loss per nucleon (1eV s1)
w stopping power per nucleon (HeV cm1 g')

In general, roman subscripts label cosmic-ray species and greek subscripts label
components of the transport medium (ISQ).

'The two flux spectra mentioned here are different functions and, accordiktg
to mathematical convention, should be represented as such, i.e., Js(E) and JP(p).
Since we will have no occasion to nention sucti functional forms as J3(E). we have
chosen, for the sake of simplicity, to use the simplified notation. Such
considerarions are also applicable to the number density spectrum, N(E), and the
injection rate spectrum, Q(E).

i SaONI COMWNCATONi COIPORAT ON sC" %o0
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3. Relations

The following relations exist between the quantities defined in Section 2. This
is not intended to be a complete or minimal set of equations. Several equations
serve as definitions of quantities and several others are standard results of
special relativity; the remainder may be derived from these.

S- PIC? + WOc' [3.1]

E (T - Hc3)/A [3.2]

p - P/A [3.3]

m H/A [3.41

dE pc2
-.- % v [3.]

dp (E + mca)

x - pvt [3.6]

a a
- pv (3.7

at ax

J(E) - v-N(E) [3.81

N(E) dE - N(p) dp 13.91

1(E) -N(p) (3.10]

aN(E) SJ (E)
-- - p 13,11)
at

I . - pvr,-_ 13.121

SEAM =cOWJ ~A1K)OS WR~PORATCN SW 8Oi
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VQ(E) -Q(P) 
L313

P,-P. N 13.141

E

Lorentz time dilation factor *1+ -(3.15)

inca

q(E) *Q(E)/pv 
[3.163

cSWSA OEPM~ 
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4. Source Term

The source abundance contribution to the transport of the i' cosmic-ray species
is taken to be of the form:

aN,(p)
--- - Q4(p) (4.1]
at

where Q(p) is the rate of injection of the i* cosmic-ray species into the
interstellar medium as a number density spectrum. Often it is assumed that
Q c e., where r? 2.1

Using [3.10] and 13.13) the contribution to the i'l component of the cosmic-ray
flux spectrum is:

8J1(E)
---- - vQ(E) 

(4.21
at

Using 13.7], (4.2] may be expressed with patlength, x, as the independent
variable:

aJI(E) Q(E)

-. . . . vq(E) 14.3]
ax p

where q,(E) is the number density spectrum of cosmic rays injected during the
period that the i' species of cosmic rays of energy, E. passes through a unit
pathlength in the interstellir medium ((3.16)).

'For example, J.F. Orzes and R.J. Protheroe. "Implications of H,&WO 3 Data
for the Acceleration and Propagation of Galactic Cosmic Rays," Ap. J. 272, 756-
764 (1983)

SEV" OMWK4OI4S COWCAATIO OCa
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5. Zscape Term

The continuity equation nay be structured to approximate diffusion in the galaxy
with loss at the boundaries by inclusion of a galactic escape term. A single
rate of escape from the system is defined. The rate may be dependent on the
energy, charge, and mass of the transported cosmic ray. This transport model
is then termed the *leaky-box" model.4

The one-dimensional diffusion equation is:

- - -R(E) N(E) (5.11
at

where Rk(E) is the time-rate of escape from the galaxy, and time and pathlength
are related by [3.6). For convenience we have dropped the species index from
both the number density spectrum and the escape rate; it is understood that both
quantities may depend on the charge and mass of the transported species. The
species index will often be omitted in future sections when no change in
composition occurs for a particular process.

Applying relations [3.7], (3.10, and 13.121 as in Section 4 the change in flux
with respect to pathlength is:

83(E)
- - -r.(E) J(E) [5.2]

where r,(E) is the inverse mean free pathlength for galaczic escape as a function
of energy, charge, and mass of the transported species.

More complex diffusion models may be constructed by multiple application of
[5.2). The "nested leaky-box" is an example of one such model. Additional
transport parameters are required in multiple leaky box models.

Pathlength distributions are often used for the analysis of cosmic-ray data.'
Arbitrary pathlength distributions are not generally consistent t'i~h cosmic-ray

'R. Cowsik and L.W. Vil;on, Proc. 13th Internat. Cosmic Ray Conf. 1, 500

(1973)

SJH. Garcia-Munoz, J.A. Simpson. T.G. Guzik, J.P. Wefel, and S.H. Hargolis,

"Cosmic-Ray Propagation in the Galaxy and in 0- Ieliosphere: The Path-Length
Distribution at Low Energy." Ap. 3. Suppl. 64, t69-304 (1987)

y EE s OML.AT% COWORATON~ S=c~o 0"1~~
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diffusion equations when energy losses and gains are importp.at. 4 T•-,re is no use
made of pathlength distributions in this report. To achl.eve the eff6cts of such
distributions on cosmic-ray composition, one must intro~htce additional plysical
models which may be represented as terms in the differential equations described
in this report. The physical models are likely to be accompanied by free
parameters which could have some astrophysical signtftcance.

'J.A. Lezniak, "The Extension of the Concept of the Coszic-Rlay Path-Length
Distribution to Nonrelativistic Energies,, Ap. Space Scl. 63. 279-293 (A979)

SMA GO&UUFQCATI CDOWA" ~ e
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6. Acceleration Term

A term in the transport equation for acceleration may be derived from the
assumptions that (1) particles are conserved in the acceleration process, (ii)
a monochromatic number density spectrum is spread into a power-law spectrum in
Moment.m, p'l, by a single encounter with a shock, and (iii) particles are not
decelerated by this process. ' Under these assumptions the following result is
derived:

p
BN(p)
- - R.(p) N(p) + (R.l)p 3 R(p) pl-1 N(p) dp 16.1]
at

0

where R, is the inverse mean free time for acceleration events (shock encounter
rate), 7 is the shock reacceleration index, and p is a dummy integration variable
which may be interpreted as the cosmic-ray momentum prior to acceleration.

In terms of the cosmic-ray flux spectrum [6.1] may be rewritten using (3.101:

E
OJ(E)
-- - R(E) J(E) + (7-1)p' R.(E) p.'Z V' J(E) dE [6.2]
at i

0

where p, E, and v are dummy quantities with the same relations as p, E, and v.
Converting to pathlength as independent vadiable using [3.7] and [3.12]:

E
8J (E)

ax( -rE() J(E) + (7-l)v'p1 z.(E) pý" J(E) dE 16.3]
• ax

Vawere r. is the inverse mean free pathlength for acceleration events. The
* eccaleration rates, r, and R,, can be species dependent.

By addition of several terms of the form of the right hand side of [6.3], that
aquotion may be generalized to include several different shock strengths each
of weich is encountered at a different rate.

7A. Wandel, D. Eichler, J.R. Letaw, R. Silbcrberg. and C.H. Tsao,
"Distributed Reacceleration of Cosmic Rays," Ap. J. 316, 676-690 (1987)

SEVERN COMMUNICATIONS COPORALON
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7. Ionization Loss Term

As cosmic rays move through the ISM some of their energy is lost due to
ionization and excitation of interstellar matter. In general, interstellar
material may be composed of several atomic species labele4 by K. The rate of
energy loss of a cosmic ray is dependent on its charge, mass, and energy, as well
as the composition of the interstellar medium. If energy losses are assumed to
occur continuously, the ionization loss process is governed by the following
equation:

8Ni(E) r
- -(p () flE Nj([) J7.11

at 8E

where Q.(E) is the rate of energy loss per nucleon per unit time in medium K for
one cosmic-ray species. The factor (p./p) weights the stopping powers in each
component of the ISM according to their abundance.

In terms of the cosm=4 -ray flux with pathlength as an independent variable:

BJ 1(E)]
- - 2 - (p./p) o.(E) Jj(E) (7.21

where wi(E) is the stopping power of a nuclide in energy per nucleon per unit
pathlength in medium P. Heavy ion stopping powers have been reviewed by Ahlen.'

'S.P. Ahlen, "Theoretical and experimental aspects of the energy loss of
relativistic heavily ionizing particles,* Rev. Hod. Phys. 52, 121-173 (1980)

SEVEM COMUUN.CATh)N CORORATON SC~O
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8. lclear FragmentAtion Term

The change in nuwber density, N1(E), of species i due to nuclear fragmentation
taking place in a medium with several components labeled by x may be represented
using the equation:

-R(E. Ni(E) +j RJ (E,E)jw Nj(E) dE[.]
X jK 0

where E is the energy of the incident cosmic ray (species j) and E is the energy

of the resulting spallation fragment (species i),

k() nv a()(8.2]

is the rate of destruction of species i in medium r at energy E, and o(E), is the
total cross section for species change (nearly equal to the total lnelastic cross
section at higher energies), and

REEIA-Nv ((,), 8.3]

is the rate of production of species i at energy E from j at energy 17 and
velocity v in medium P, and a(E,E)4 is the partial cross section for production
of species i from species J. Note that both rates for nuclear fragmentation are
explicitly dependent on the velocity of the incident nuclide and the number
density of the ISM.

In terms of the cosmic-ray flux spectrum with pathlength as the independent
variable using (3.81 and (3.111:

-- r(E), JI(E) + rI(EE), ME) dE (8.41

a'~ '0~i; 0

where tjpe r, are inverse mean free pathlengths corresponding to the vates, U,,

which are obtained by applicaticn of (3.12) and 13.143:

NA (p-p) u(E). / . (8.5)

and

- NA (pJd) a(E,E)o / Aa 16.61

SER COMMUNC.A2OS WOPOPAUUN Swwoi
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where NA is Avogadro's number, p. is the partial density and A5 is the atomic mass
of ISK component x. We note that pathlength is a convenient choice of the
independent variable in cosmic-ray transport computations because the rt are not
explicitly dependent on velocity or on the absolute density of the ISH.

The total and partial cross sections for heavy-ion spallation reactions on
comaptnents of the interstellar medium, especially on hydrogen and helium, are
an important requirement for the analysis of cosmic-ray composition. New
measurements of spallation cross sections are reported in the bi-annual
Proceerlings c:-f the International Cosmic Ray Conference. Semi-empirical
formulations have been developed by Silberberg, Tsao, and Letaw.• 0

Two classes of cosmic-ray heavy ions are distinguished according to their history
of fragmentation in the IS. Cosmic-ray primaries are heavy ions which have not
zragmented it% the ISM. Cosmic-ray secondaries are heavy ions which have arisen
from one or more spallation reactions in the ISM. Any nuclide, in principle,
can arise from either of these processes; however, H, He, C, 0, Re, Mg, Si, and
Fe are mostly primary, while Li, Be, B, F, Na, Al, and nuclei with 21 : Z s 25
are mostly secondary.

The ratio of stabla secondaries to primaries, such as B/C, is determined by
seas-:rabe nriclear fragmentation cross sections and the escape rate from the
galaxy, and is independent o' the ISM density distribution. Such secondary to
primary ratios may be used to estnblish aspects of the interstellar diffusion
process, such as the average amo--nt of matter that cosmic rays have passed
through.

R. Silbarberg sai C.H. Tsao, hPaxtial Cross-Sections in High-Energy Nuclea:

Reactions, and Aztrophygical Applicatic-s. I. Targets with Z s 28. 11.
Targets Heavt6r than Nickel.," Ap. J. Suppl. 25, 315 and 335 (1973)

":J.R. Letaw, R. Silberberg, atid C.H. Tsao, "Czoton-Nucleus Total Inelastic

Cross Sections: An Empirical Formula for E > 10 XeV," Ap. J. Suppl. 51, 271-
276 (1983)

L.~ SLIE 00; CAT " IS C~ORQcRATtN 
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9. Nuclear Decay Term: Particle Eiassion

The following equation accounts for the rate of change of a cosmic-ray number

density spectrum due to nuclear decay by particle emission:

01,(E)
- -- Rd(E). N,(E) + Rd(E)V Nj(E) [9.1]

where R&(E), is the rate of decay of species i at energy E and RE(E), is the rate

of decay of species J into species i at energy E.

d(E) - Ln 2 /( + E/mcO) , [9.2]

and

_(E)4- in 2 / (1 + E/mc2) r, [9.3]

where r, is the halflife of species i and r4 is the halflife of species j for
decay into species i. All rates include only particle emission decay modes;
electron capture decay modes are specifically excluded and are considered in
Section 10.

In terms of cosmic-ray flux with pathlength as the independent variable using
(3.11] and 13.121:

4J,(E)
- - -rdE(E), J,(E) + [9.4]m Ox

where the rd are inverse mean free pathlengths corresponding to the P•.

rd(E), - In 2 /p v (I + /mc) ri (9.5]

and

rd(E)ý - In 2 p v (I + E/mc) r4. (9.6)

The rate of decay of cosmic-ray species depends on the mean density of the ISH.
If the mean pathlength in the ISH has been established, then (3.6] may be applied
to estimate the mean confinement time. Nuclides such as IBe, "Al, and 2*Cl with
halflives of about one million years have been analyzed for this purpose."

"For example, HE. Wiederbeck. "The Isotopic Composition of Cosmic Pay
Chlorine," Proc. 19th Internat. Cosmic Ray Couf. 2, 84-87 (1985)

SEa COMMUNKATKM COPATM
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10. Nuclear Decay Term: Electron Capture

.Electron capture decay of cosmic rays is suppressed because high-energy heavy
ions passing through relatively small amounts of material are likely to be

.•stripped of their electrons. Lower energy and higher charged ions may have a
significant probability of having one or more attached electrons. The attached
electrons make electron capture decay possible and electron capture decay may

S* ultimately have an observable effect on composition. The importance of electron-
capture decay modes is increased in distributed acceleration models because ions
which decay freely at low energies are mixed, after acceleration, with high-
energy components.

The number density spectra of cosmic rays with no electrons attached, N0 (E), and
with one electron attached, NI(E), are governed by the following coupled
equations if the probability of two attached electrons is negligible.'

.- - [R-,(E) N0j(E) - RK(E)w Nli(E) + R+(E)o N'J(E) [10.11

S~j

BN'I(E)}
- M .(E)r N°•(E) - k(E)w Wj(E) - RP(E) N1j(E) [10,21
at

where

P(E), - In 2 / (1 + E/mc3 ) (v,)j [,10.3

and

kE4-In 2 / (1 + E/we3) (r,)j [10.41

are the rate of electron-capture decay of species i at energy E. and the rate
of electron-capture decay of species J into species i at energy E, respectively,
and the electron attachment rate. R.(E), and electron stripping rate, R,(E), in
each component of the transport medium are related to the attachment and
stripping cross sections by:

- ~v o.(E),5  (10.51

U2J.R. Letav, J.H. Adams, R. Silberberg, and C.H. Tsao, "Electron Capture
Decay of Cosmic Rays., Ap. Space Sci. 114, 365-379 (1985)

SE... COMUIJWC GOF'0TK)N



Equatlok Of Comc-Py Transpot ... 17

and

R.) - n6 v a.(E) [10.63

The electron-capture decay half lives, (r.), and electron stripping (a.) and
attachment (a.) cross sections are discussed by Letaw, Silberberg, and Tsao."

S, The electron-capture decay halflife is approximately double the laboratory
measurement because there is generally only one electron in the K-shell.

[10.1] and [10.23 may be combined to give an expression for the total change in
a cosmic-ray species as a result of electron-capture decay:

8[1r,(E) + S,(E)] --

at . . . - .RP (E), Nl'(E) + R ,(E)v NI'(E) [10 .7]

The analogous equation for the cosmic-ray flux spectrum with pathlength as an

indepeudent variable is:

a(Ji(E) + J' 1(E)]
Sr,(E) 1 Jl(E) +Y r,,(E), .Jl(E) [10.83

where the inverse mean free pathlengths, r=, have the same relation to the rates,
R,, as in [9.53 and 19.63. It should be noted that the summation in [10.83 will
generally have a contribution from only one nuclide, i.e.. the species, J, which
can decay into species i by electron capture.

In most cases cosmic-rays achieve an equilibrium charge state after passage
through an amount of material which is small compared to other propagation
parameters such as the intoraction mean free path and the escape mean free path.
The fraction of particles with a single electron attached is:

P' I (r. - r. + r,) 3+ 4 r. r,)'1  - (r. - r, + r,)

L j= Jej 2 r.

uJ.R. Letaw. R. Silberberg, and C.H. Tsao. "Propagation of Heavy Cosmic Ray

Nuclei." Ap. J. Suppl. 56, 369-391 (1984)

GrA ) 4 COMMUNIATXWS COPPORAON SOC 6"1
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SFor each species a function &(E) which relates the flux of particles with one
electron attached, J', to the total particle flux, Jo + J1, at equilibrium may be
defined based on [10.9].

This i ]~q[10.10]
-= •j0 + is eq

This function must be obtained by proper weighting of the stripping and
attachment rates over the components of the ISM.

When the attachment rate is much smaller than the stripping rate plus the
electron-capture decay rate, that is, when only a small fraction of cosmic rays
have an attached electron,

&(E) - (Z r,(E),) / (r.(E), + E r.(E),) [10.11]

where the inverse mean free pathlength for attachment, r4 (E), and for stripping,
r.(E), have the same relations to the cross sections as [8.5] and (8.6]. [10.11]
is generally applicable for cosmic-ray transport, the exception being low-energy,
ultraheavy cosmic rays in the actinide group.

Using the function g(E) to eliminate J1, (10.8] may be rewritten:

aJ1(E)
r.(E), &(E) J,(E) + r.(E)q gj(E) JI(E) [10.12]

Ox

Yiou and Raisbeck" have demonstrated that the electron capture decay of "Be 'us
important below 20 HeV per nucleon. Detection within the heliospherp may be
impossible at that energy. Similar conclusions apply to secondary nuclei such
as "Ar, "Ca, *V, "Cr, and 'Fe in the absence of distributed acceleration
processes. Electron capture decay generally occurs for ultraheavy nuclei.

"F. Yiou and G.M. Raisbezk, Ap. J. 7, L129 (1970)

SEVERN COMMUNICAT"0S C00I0AAT~ON SOC 82,01
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11. The Equation of Distributed Acceleration

The transport equation described in Sections 4 o 10 is summarized here. For
purposes of simplification we assume that (1) nuclear interaction fragments
maintain the velocity of their progenitors, the 'straight-ahead" approximation,
and (2) the interstellar medium consists of one substance, namely hydrogen.

The first assumption is generally applied for studies of cosmic rays heavier than
helium and allows

J r,(E,E), J,(E) dE --. > r,(E)4 J,(E) [11.1]

0

where r,(E)V is related to the partial cross sections and is different from rt(E),
which is related to the total inelastic cross section.

The second assumption is generally applied because of the lack of available
cross section data for other target nuclei. Some investigations of the
importance of helium as a target in the interstellar medium have been performed."

The complete equation of distributed acceleration is:

VJ1(E) M(E) aSa[ I
rUE), Jj(E) + - 4)(E), JI(E)

S~E

-r.(E), JI(E) + ((E1)v> 1P- I.(E), p" Ji(E) dE

0

- r,(E), 31(E) + r,(E)• J,(E)

"sFor example, P. Ferrando, P. Goret, and A. Soutoul, "On the Iportance of

Interstellar Helium for the Propagation of Heavy Cosmic Rays,= Pxoc. 19th
Internat. Cosmic Ray Conf. 3, 61 (1985)
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-rd(E), JI(E) +~ r4 (E)q Jj(E)

-r.(E)i &(E) J4(E) + r.(E)q gj(E) JI(E) [11.2]
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12. Kiteusion to an Inhomagensous Interstellar Medium

Electron capture decay processes are sensitive to density variations in the
interstellar medium.' Host of these nuclides have a very short mean lifetime
compared to the time during which cosmic rays move from one density region to
another, hence no effect on composition is observable. A few, such as 4Ti, "Nb,
"Nr, and 111b are quite sensitive to possible density irregularities. Measured
abundances of these isotopes, particularly at low energy, may eventually offer
the opportunity to study aspects of the density distribution in the ISM by
'utilizing cosmic-ray spectra.

The procedure for treating one type of density inhomogeneity is discussed here.
Cosmic rays are assumed to encounter density fluctuations in the ISM which ai.
randomly distributed in time and space. These fluctuations are described by a
distribution function, F(u), of interstellar gas number densities, n. The
function is normalized so that:

IF(n)dn - [12.1]

0

A rough estimate of this distribution function may be made based on models of
the interstellar medium, if the entire ISH is accessible to cosmic rays.

The model may be implemented by writing

dx(n) a f(n) dn. (12.21

where f(n) is the fraction of total pathlength over which the interstellar gas
density is betveen n and n+dn, and x(n) is the portion of the total pathlength
with density less thaun or equal to u. It follows that

f(i) - n F() / <n> (12.31

where <n> is the mean density of the ISH relative to the distribution F(U).
Q(n) will necessarily be normalized to unity it constructed in this manner.

For processes where 8J/0x is independent of the density of the interstellar
medium, such as nuclear frasmtentation (8.4), we have:

"J.R. Letaw, R. Silberberg, and C.H. Tsao, "Electron Capture Decay of Coamic
Rays: A Model of the Inhomogeneous Interstellar Mtedium, Proc. 19th Internat.
Cosmic Ray Conf. 3. 33 (1985)

"iFor example. C.F. XcKee ak,4 J.?. Osdtker, Ap. J. 218. 148 (1977)
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dJ c J dx at f (n) du (12.43

and consequently

].nJ o 1 (12.53

because f(n) is normalized to unity. The flux of cosmic rays subject to this
type of process is independent of the interstellar gas density distribution.

For processes where 3J/ax is inversely proportional to the density of the

interstellar medium, such as nuclear decay by particle emission [9.41, we have:

dJ cc J <n>" dx (x J n F(n) <n>4 dn 112.61

and consequently

In J , .4<> "4 112.71

The flux of cosmic rays subject to this type of process is dependent on the mean
density of the ISM.

In the case of electron capture decay ([10.10] and [10.113)

dJW J - dx (12.8)
1 + k2 <n>

where k, and k, are energy- and species-dependent functions which are independent
of the ISH density distribution. In the two extreme cases, k, << 1 and k2 >> 1,
the solution to this equation is identical in form to [12.5] and (12.?7,
respectively. For intermediate cases, the solution involves an integral over
the density distribution of the interstellar medium which may provide information
about i•rhoogeneity over the cosmic-ray path.

=II.


