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CYLTRAN CALCULATIONS OF ELECTRON EFFECTS ON XD DETECTORS

by

S t u a r t Mayer and George J . Be rz in s

ABSTRACT

Coupled electron-photon Monte Carlo calculations have
been performed with the CYLTRAN code on a typical channel
in a detector that has been flown aboard several space-
craft. The response of this channel has been examined as a
function of incident electron energy over a range
representative of background electrons in orbit. The
signal is shown to arise from three separate regions whose
relative importance changes with electron energy. Approx-
imations used to cast the real problem into a format
compatible with CYLTRAN are described.

I. INTRODUCTION

Background radiation effects tend to interfere to some degree with the

operation of almost any type of instruments flown aboard earth-orbiting

satellites. Such radiation has been recognized for a long time and h^s been

identified as consisting prirarlly of electrons trapped In the magnetosphere.

It is popularly referred to as Van Allen radiation in honor of its discoverer.

In some instances shielding can be implemented to protect instruments from

these electrons. In other cases active discrimination techniques can be

employed to reject unwanted signals. However, the undesired effects can rarely

be completely suppressed and tend to become most annoying during magnetospheric

disturbances when local electron fluxes can increase to 10-100 times their

normal values. Unexpected, occasionally very large signals are sometimes

recorded by a variety of detector systems. A large fraction of these

observations appears to correlate with increases in background electron levels.

A variety of explanations have been advanced for these background signals.

Among the more plausible are (1) cosmic ray showers following the striking of

nearby, massive parts of the spacecraft by energetic primaries, (2) noise

resulting from electrical breakdown following charging of the spacecraft by

electron plasma, and (3) electron pileup in the detector. All may have some

validity. The latter two would also tend to correlate with magnetic substonn

activity.
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To contribute toward a better understanding of electron interactions, we

undertook a calculational study of one particular detector type, the XD, whose

geometry is reasonably suitable for an existing code. That code, CYLTRAN,

requires cylindrical symmetry and treats coupled electron-photon interactions.

It was still necessary, however, to make several simplifying approximations.

In this study we have explored the effect of incident electron energy on

the detector signal and have identified and tabulated interactions in three

different regions of the detector that can contribute to the signal. Two of

these regions are not significant when the detector is performing its design

function. Thus on-ground calibrations are not directly applicable. We have

also examined the dependence of the signal on the approximations that are

necessary to fit the detector into the constraints of the CYLTRAN code.

II. THE CYLTRAN CODE

The CYLTRAN code is a specialized and simplified version of a more

general set of codes written at Sandia National Laboratories in Albuquerque.

These codes are described by their authors in several documents cited in

Ref. 2.

Briefly, CYLTRAN derives its name from transport of electrons and photons

in cylindrical coordinates. The code treats particle energies ranging from a

few keV to several MeV, though, as its authors note, it is least reliable when

energies compare with K edges of the materials Involved. All particles and

their resulting secondaries are followed until they either escape through the

problem's geometric boundaries, or lose sufficient energy to drop below a

present threshold (i.e. are stopped). For example, an incident beam of 10-MeV

electrons may produce bremsstrahlung, energetic secondary electrons (delta

rays), and ionization In the target material. Each of these quanta, including

fluorescence x rays, Is statistically tracked uatil it (or its secondary

particles) escapes or decreases in energy to the threshold level, say 20 keV.

Two of CYLTRAN's limitations are very important for the XD problems.

First, the geometry through which the particles are transported not only must

have cylindrical symmetry, but must also be completely describable by cylinders

and planes. Shapes such as oones, for example, though cylindrically symmetric

are not permitted and must be approximated by a tapered set of cylinders.

However, the problem can be divided into many (<100) zones consisting of

different materials and subzones of the s?me material. The second limitation

arises from the fact that the code accommodates only five materials plus
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vacuum. Each material can consist of up to 10 different elements, and may

reappear any number of times within the problem cylinder.

The code tabulates net energy and net charge that has been deposited in

each zone. It also tallies the spectrum and angular distribution of escaping

electrons and photons. The angular and spectral resolutions of the escaping

particles are selected by the user. Output data are generally normalized to

unit incident particle.

Other features of the code include an input spectrum (vs monoenergetic)

option, as well as a pulse height analysis of the deposited energy. It is also

possible to assign an incident direction (or random distribution of

directions), and to define the beam diameter ranging from an infinitely thin

pencil to full size of the total problem cylinder. For a more comprehensive

discussion, the reader is referred to Ref. 2.

III. APPROXIMATION OF THE XD PROBLEM

The XD detector consists of 16 different channels, one of which is shown

i-> Fig. I. That channel is representative of nearly half of the total,

differing from the others only in window and scintillator details. Thus, we

felt that from an examination of one or two channels it would be possible to

draw some generalized inferences and to identify the limits within which our

approach is feasible.

Tne design intent of the channel in Fig. 1 is for low-energy particles to

enter through the window and to strike the scintillator. The resulting light

from the scintillator is transmitted through the lead glass light pipe to the

silicon photodlode where the optical energy is converted into an electronic

signal for further processing and recording. The electronic signal is related

to the energy deposited in the scintillator and thus to the energy (or flux) of

the incident particles.

•ec.ause the CYLTRAN code does not accommodate cones, a useful

approximation is to replace the conical collimator in Fig. 1 with a set of

finely stepped cylinders where diameters follow the tapes of the cone. The

approximation should be valid for incident electrons whose range In the

material exceeds the step dimensions. Thus, the lower the electron energy, the

finer is the step size required. For 0.1- and 0.3-MeV electrons, for example,

steps in aluminum should be smaller than 0.07 mm and 0.4 mm, respectively.

This places a practical limit on the problem since CYLTRAN is restricted to

<100 zones.
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Fig. 1.
Outline drawing of a typical XD detec-
tor channel geometry.

Fig. 2.
Some of the paths by which energy from
incident electrons can reach the scin-
tillator (and the lead glass light pipe
and silicon phot~Jlode) in an XD channel.

We explored possible simplifications of the problem by considering various

paths, shown as rays in Fig. 2, by which energy can raach the scintillator.

Briefly, we compared the results among tht. following three cases: (1) an "open"

geometry when the electrons were incicent within a cylinder whose diameter was

that of the scintlllator, and whose walls were infinitesimaliy thin: (2) a

"confined" geometry that was identical to the first, except that: the cylinder

wall was of finite thickness; and (3) an "extended" geometry where the cylinder

wall was thick and short, and was located to simulate various positions along

the cone. These geometries are illustrated in Fig. 3,

A brief study showed the results to be rather sensitive to details to

these simplified geometries, especially at the higher electron energies. We

therefore proceeded with the more complicated representation that involved the

tapered set of cylinders and also included details of the lower part of the

housing. The remaining two major departures from reality were (1) use of an

equivalent circular rather than square outer cross section for the channel and

(2) use of aluminum rather than silicon for the detector material. The latter

arose from th^ five-material limit imposed by CYLTRAN.
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Fig. 3.
Three simplified geometries considered as approximations to the geometries in
Fig. 1 and used to explore the effects of the various paths shown in Fig. 2.

We limited the surface exposed to incident electrons to 1.1 cm , just

large enough to encompass the collimator opening, for practical reasons. Our

initial study of the simplified geometries in Fig. 3 demonstrated that most of

the effect from scattering (i.e. rays 2, 3, and 4 of Fig. 2) was produced by a

thin layer less than 1 mm from the surface. Contribution from thicker walls

increased with electron energy (especially above 10 MeV), as would be

intuitively expected.

In the stepped geometry, CYLTRAN required several minutes of running time

per incident electron energy. To increase the problem cylinder thickness

enough to match the actual detector would have dramatically increased the

running time, at little or no gain in accuracy below ~10 MeV. At higher

energies, however, a significant error may have been introduced by imposing

this thickness limit.

IV. RESULTS AND DISCUSSION

Our primary interest is in the energy deposition in the scintillator, in

the lead glass, and in the silicon photodiode. The recorded signal can result

from a combination of light from the scintillator, light from the lead glass,

and direct energy deposition in the silicon. In the first two regions, factors



such as absorbed-to-optical energy - conversion efficiencies and geometric

efficiencies must be considered. In the third region, the absorbed energy is

directly converted to charge through well-known processes.

The energy deposited in each of these three regions is compared as a

function of incident electron energy in Fig. 4. The stepped cylinder geometry

was used for these calculations. The error bars in Fig. 4 represent worst case

statist ical uncertainty. For all of the other points, the stat ist ical error

estimated by CYLTRAN was typically less than 5%.

The significance of the detector housing is evident upon comparison of

Fig. 4 with Fig. 5. Tne latter results from the "open" geometry calculation

(see Fig. 3), aligned with only the full area of the scintillator. Note that

even though the ordinate units in the two figures are the same, a direct

comparison is misleading because the area encompassed by the beam for Fig. 4

was 10.6 times greater than that for Fig. 5.

A useful comparison can be obtained as follows. Because the beam for

Fig. 4 encompas-es that for Fig. 5, but is 10 times larger, the part of the

energy deposition owing to the direct incident electrons is that shown in

Fig. 5, but scaled down by the area ratio. The remainder of the energy is

deposited as a result of electrons that strike the surrounding material. These

curves are overlaid in Fig. 6, the direct incidence data scaled by 10.

The most striking result of this comparison is that the surrounding

materials account for more than half of the energy deposited in the

scintillator and in the light pipe. In the case of the photodiode, about 90%

is due to the surroundings. Several features of Figs. 4 and 5 agree with

seraiquantitarive, intuitive expectations. First, the energy deposition in the

(thin) scintillator in Fig. 5 follows well-known dE/dx data. Second, energy

deposition in the silicon increases rapidly above about 5 to 8 MeV, the

incident electron energy whose range exceeds the thickness of the lead glass

light pipe. The monotonic Increase with energy occurs because of secondary

interactions. The higher energy primary electrons generate showers that

contain more secondary electrons as well as bremsstrahlung photons. Thus i t is

the shower that Is incident on the photodiode, rathar than essentially single,

raonoenergetic primaries as in the case of the scinti l lator.

Most of the energy (of that shown in Figs. 4 and 5) is deposited iv, the

light pipe—a consequence of the light pipe's large volume and mass. Note r.hat

deposition in the light pipe increases slowly above 10 MeV, a result of the

increasing physical extent of the secondary shower and the attendant lateral

escape. Note also the energy accounted for in Fig. 5 is less than the incident
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Fig. 4.
CYLTRAN calculations of energy deposit-
ed in the scintillator, the light pipe,
and the photodiode. The best approxi-
mation, the stepped geometry, was used.

Fig. 5.
Same as Fig. 4, except that the great-
ly simplified, "open" geometry (see
Fig. 3) was used.
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Fig. 6.
Comparison between the results for the "stepped" and the "open" geometries.
data have been scaled according to area of the incident beam.
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elect ron energy, again a resu l t of secondary showers that permit some of the

energy to escnpe through the problem boundaries.

The t o t a l , observable signal from the detector can be expressed for each

energy as

Q(E) = k l A E s i + k2 [EscnscAE
s c

where the AÊ  are the energy depositions in Fig. 4; kj and k2 are the

conversion eff ic iencies of absorbed energy to charge for incident ionizing

radiat ion (1.6 x 10~19 coul/3.6 eV) and opt ical radiat ion (0.3 coul/ joule)v

respectively; e and E0 are the absorbed energy-to-l ight conversion

efficiencies (-0.05 and 10~"2-10~3 for the s c i n t i l l a t o r and l i ^h t pipe,

respect ively) ; and fi and fi are l igh t col lect ion e f f ic ienc ies , estimated as

~9% and ~12% for the photodiode viewing the s c i n t i l l a t o r and the l igh t pipe,

respect ive ly .

It i s ins t ruc t ive to evaluate the above expression for a range of incident

electron energies , even without knowing the conversion e f f i c i enc ies , e t c . ,

accurately. These resul ts are summarized in Table I for the stepped geometry

case (Fig. 4 ) . We chose 0.003 for the l ight pipe s c i n t i l l a t i o n eff ic iency.

The data in Table I show the s c i n t i l l a t o r contribution to be the most

signif icant at low energies (below 1 MeV) and for d i r ec t in terac t ions with the

photodiode to dominate at very high (>20 MeV) electron energies. The f i r s t of

these conclusions i s also suggested in Fig. 4, but the l a t t e r i s not obvious in

that f igure. In the raidrange of energies (1-20 MeV), a l l three regions

contribute to the s ignal , the par t icular mix being very dependent on the values

used for conversion and col lect ion e f f ic ienc ies .

V. CONCLUSIONS

We have used the one-dimensional Monte Carlo code CYLTRAN to calculate the

energy deposited throughout the typical XD detector channel. The r e su l t s show

three regions—the s c i n t i l l a t o r , the l ight pipe, and the photodiode—that

absorb energy and contribute to the signal from that channel. The re la t ive

importance of each region depends very much on the incident e lec t ron energy and

on the actual values of energy-to-lig!ic conversion eff iciencies and on optical

coupling.



TABLE I

ESTIMATED SIGNAL PER INCIDENT ELECTRON

Elec t ron Deposited Energy (MeV) Pr edlcj:ed J5ljnal_(_CouLom_b_x _10 __)
Energy

(MeV;

0 . 1

0 . 2

0 . 5

1

i

5

10

20

50

100

Scint.

0.0043

0.015

0.022

0.017

0.016

0.014

0.010

0.0077

0.0062

0.0061

Light Pipe

—

0.00033

0.035

0.10

0.25

0.59

0.95

1.50

1.47

1.42

Silicon

—

—

—

—

—

0.00003

0.00076

0.0064

0.018

0.034

Sc

0 .

3 .

4 .

3 .

3 .

3 .

2 .

1 .

1.

1 .

in t .

93

2

8

7

5

0

2

7

3

,3

L i g

0.

0.

1 .

.'.

1 0 .

1 6 .

2 6 .

2 5 .

2 4 .

ht Pipe

-

00057

60

7

Silicon

—

—

—

—

—

0. 1 3

3.4

2 8 .

120.

150.

T o t a l

o . q 3

3 . 2

5 . 4

5 . 4

~" ,R

1 3 . i

21 . 6

5 5 . /

146 .

1 7 5 .

During the course of these calculations, we found that results were quite

sensitive to simplifying assumptions. Thus we constructed the problem to

include a large number of small zones to better approximate the actual

geometry. This same geometry can be used for other channels in the detector,

with appropriate changes for window and scint i l lator material detai ls . We have

performed some cursory calculations on a few of the other channels for a few

electron energies. The results, though sketchy at this point, .suggest that

this technique holds promise for interpreting some of the background signals

that have been observed in orbit .
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