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Abstract 

Trackers based on sciDtillatina-fiber technoloay are beiDa 
considered by the Solenoidal Detector Collaboration at SSC 
and the D0 collaboration at Fermilab. An important issue is 
the effect of the radiation existinl in the detector cores on 
fiber properties. Most studies of radiation dama,e in scintilla-
tors have irradiated small bulk samples rather than fibers, and 
have used X-rays, "Co lammu, or electron beams, often at 
accelerated rates. 

fiber-trackina detector operation, littledeeradation is observed. 
In addition, recovery after several days' exposure to au has 
been noted. Properties of unirradiated samples kept 1.0 

darkness show DO chanaes after ODe year. 

We have irradiated some 600 fibers in the Fermilab Teva-
tron C0 area, thereby obtainin, a bIdroDic irradiation at 
realistic rates. Four-meter-IODI samplea of ten Bicron 
polystyrene-based fiber types, maintained in air, dry nitrogen, 
araon, and vacuum atmospherea within stainless-steel tubes, 
were irradiated for seven weeks at various distances from the 
accelerator beam pipes. Maximum doses, measured by 
thermoluminescence detectors, were about 80 Krad. 

Fiber properties, particularly lipt yield and attenuation 
lenath, have been measured over a one-year period. A de-
scription of the work toaether with the results is presented. At 
the doses achieved, correspondiDl to a few years of actual 

"Supported in palt by the Dept. of Energy, the National Science 
Poundation, and the Texas National Reacarch Laboratory Commis-
sion. 

I. INTRODUCTION 

SciDtillatinl-fiber tecbnololY possesses great potential for 
use in cbarled-particle tnckinl systems in detectors at the oew 
generation of accelerators. For example, a system emploY1.Oi 
473 K fibers of 92S-,mHlia. and 4.3 m maximum leDith IS 

one of the central-tnckinl options for the Solenoidal Deta:tor 
Collaboration (SOC) at the Superconducting Super Coliider 
[1]. A smaller-scale system, usin, 10.3 K fibers of 870-~m
dia. with a maximum lenJth of 1.8 m, is planned for the 
Fermilab D0 upp-ade (2). An important aspect of the de .. elop-
ment work is to insure that the fibers willopetate sausflCtonly 
iD the radiation enviroDDJeDt existinl in the detector corea. 

Considerable worlt bu been done studyina the effects of 
radiation on plastic scintillator (3). Such studies are dJ ffi.:ult. 
partly because of the many variables involved, and Dot all 
studies are directly applicable to scintillating fibers. For 
example, the surroundinl atmosphere plays an important role. 
both iD the dama,e produced [4) and in subsequent reco\ery 
[S]. However, many experiments have employed small bulk 
samples for which oXYlen diffusion is very different than for 
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fibers. Also, irradiation rate may be important, in addition to 
total dose received [6]. However, testa often employ rates 
orders of magnitude wier than actually experienced in order 
to compress many years of detector operation into manaieable 
time intervals. In addition, most irradiations have been per-
formed with X-rays, pmmas from CICc, or electron beams, 
while hadrons constitute a IUie fraction of the flux in trackini 
detectors. 

As part of a program to develop a scintillatini-fiber 
tracking system for SOC and 00, we have attempted to in-
vestigate some of these issues. We have exposed samplee of 
ten different polystyrene~re fiber types for seven weeks in 
the Fermilab C0 area, thereby obtainini a hadronic irradiation 
at reasonably realistic rates. The fibers were maintained in 
atmospheres of air, dry nitroien, uion, and VlCUlUD. The 
large number of fibers - almost 600 were irradiated - was 
due to the fact that this was the last opportunity for several 
years. A change from the fixed-target to the collider mode 
was impending for the accelerator, and the flux in C0 is quite 
small in the latter mode. 

Practical considerations, includini time pressures, recov-
ery effects that occur durini exposure to air, and difficulties 
during the initial measurements, restricted measurements to 
about 100 individual fibers of the almost 800 involved. Thus, 
not all data for all fiber types, for all atmospheres, and for all 
irradiation levels are available. This report describes the work 
and presents results, with emphasis on fibers doped with p-
terphenyl (PT) plus 3-hydroxyflavone (3HF), the current can-
didates for the SOC and De trackers. 

II. FIBERS AND IRRADIATION 

A. Fibers 

The scintillating fibers tested were produced by Bicron 
Corp. [7] and are listed in Table I. They have an outside 
diameter of 830 I'm and consist of a doped polystyrene core 
surrounded by a IS-I'm-thick acrylic claddin,. Types BI-I 
and BI-7, BI-2 and BI-S, and BI-4 IDd BI-6 have the same 
compositions, respectively. However, becluse of the fiber-
makini procedure, the one with the hiab« number in each 
pair was expected to have a better core-claddina interface. 

To simulate SOC conditions, the fibers were cut to 4.1 m 
lengths. After cleaniq with ethyl alcohol, twenty bundles 
were formed consistin, of four samplee of each of types BI-l 
through BI-8 and three samples (because of limited availabili-
ty) of each of types BCF-990S and BCF-IO. To measure the 
received radiation dose, Solon Technolopee thermolumine-
scence detectors (TLDs) type TLD-400 [8) were attached to 
the IS bundles to be irradiated. The remainin, five bundlee 
were not irradiated and served as controls. In preparin, the 
samples for irradiation and also in subsequent measurements, 
care was taken to minjmi~ exposure to liiht. 

Each of the twenty bundles was placed into a stainless-
steel irradiation container 1 inch in diameter (O.06S-in. wall 
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Table I 
Bicron fibcn irradiated in thia teat. Abbreviations: pT = r 

tcrpbenyl; BBOT - thiophene derivative; 3HP = 3-hydroxyflavon 
BBQ - iIoquinoline derivative; BPBO = oxadiazolc derivath'e: 
OMPOPOP - phenylouzol derivative. 

p 

thickness) and 4.4 m long. These containers allowed the 
fibers to be irradiated - and the controls to be stored - in 
selected atmospheree. The atmospheres used were ambient air 
at atmospheric pressure; dry air, dry nitrogen, and argon, each 
at IS psii; and VlCUum (about 0.2 torr). Unfortunately, safety 
issues precluded the use of oxnen. Every bundle/container 
was outiassed by pumpin, for 12 hrs to about 0.2 torr, filling 
with dry Nz at 20 psi, for 1 hr, and then repeatini the 
pumpin, before bein, filled with its final atmosphere. Four 
containers were filled with each of the five atmosphere..: 
employed; of these, three were irradiated and one served t 
store the control fibers. 

B. Irradiation 

The fibers were irradiated in the C0 area of the Fermilab 
Tevatron, which was operatin, in the fixed-wiet mode. This 
area contains the Main RiD" the Tevatron RiDg, and their 
abort tubes. The repon is filled with a badronic flux resulting 
from beam losses durin, injection and rampini, and from 
aborts. 

The twenty filled irradiation containers were divided into 
four seta, a set consistin, of one container of each of the five 
atmospheres used. One set was put aside to serve as controls. 
Ourini the accelerator shutdown on 20 Nov. 1991, one of the 
remainini three sets was placed on each of three platforms of 
a rack constructed to hold the containers durin, irradiation. 
The platforms were spaced to provide three different irradia-
tionratea, denoted by ·hip·, ·medium·, and ·low·, with the 
containers oriented parallel to the accelerator pipes here runnin, in a north-south direction. The containers remained 
in place until tile ead of tile accelerator ruo.nini period. an 
interval of 49 days. 

While tile ce area provides a hadronic flux at realistic 
rates, neither the total dose nor the dose profile can be 
controlled. The total doses, measured to about ± 10% by th 
TLDs within the irradiation containen, were found to b, 
significantly less than expected on the basis of data from -
previous irradiations [9]. Furthermore, there was considerable 



nonuniformity alon, the fiber leaathl. u shown in Fi,. 1. 
Unfortuutely, these features were not known unti11ate in the 
fiber measurin, ProlflDL While peak doses were about 80 
Krad, the aVer&Je valuel were 36 lCrad in the ·hi,h· region, 
24 Krad in the ·medium· region. and 4 Krad in the ·low· 
region. These correspond to rata of 31 radIht, 21 radJhr, 
and 3 radIht, respectively. 
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Fig. 1. DOle profilca for fibcn irradiated in ambient air, showing 
the typical non-uniformitiCi found at the three different irradiation 
levell. 

For comparison, with the ssc operatin, at the desiJD 
luminosity of IOU cm·;·· the dose accumulated in one year at 
a distance r", (in cm) from the beam pipe ia expected to be 
o - 4xl04 Kradlr", 2 (10). Albedo neutrons, secondaries, and 
multiple hits from spiralin, char,ed particles arc· not included. 
Introducin, a factor of two for these effects. the anticipated 
annual dose at the 65.2~m inner radius of the proposed SOC 
fiber tracker ia 19 lCrad accumulated at a rate of 2.2 radIhr. 
Hence, the avera,e doses received by fibers in the ·hip·, 
• medium· • and ·low· regions correspond to 1.9 yr, 1.3 yr, 
and 0.2 yr. respectively. of SSC operation. The correspond-
ina rates arc 14. 9.5, ad 1.4 tm. u peat u at the SSC. 

The radiation enviraameot at the "Paraded D0 detector ia 
less severe. At a Jl1miDnljty of 6xlOJl cm";··, the anticipated 
yearly dose ia D - 1.8xlO' ICradIr", 2 (11). which includes a 
factor of 3 for spiralin" secondaries. and neutrons. The 
innermost fibers of the planned tracker are at r '" = 12.5 cm, 
and sO will be subject to an annual dose of 12 Krad at a rate 
of 1.3 radIhr. The ·hip·. ·medium·. and ·low· doses 
received by the irradiated fibers thus correspond to 3.0 yr, 2.0 
yr. and 0.3 yr, n:spectively. at De; the dose rates are 24. 16. 
and 2.3 times u peat u expected in operation. 

While the irradiations achieved in this exposure occurred 
at reasonably realistic rata and correspond to • few years of 

actual fiber-trackin, detector operation, little damage is 
expected for total doses below a few hundred Krad (12]. 

m. MEASUREMENTS 

A. Preliminaries 

Radiation can affect the operation of scintillating fibers by 
reducin, scintillation efficiency via dama,e to the core base 
and dopants, and by reducin, lipt transmission via increased 
core absorption and damage to the core~ladding interface. 
~ntan~Iin, these effects depends on what fiber properties are 
lDvesttgated, and these in tum are defined by measurement and 
analysis procedures. It should also be noted that the effects 
are ,enerally wavelength-dependent, so the spectral character-
istics of the photodetector used greatly influence the results. 

All irradiation containers were removed from C0 within 
two hours after accelerator shutdown. To reduce recovery 
effects, the six containers containin, air atmospheres were 
evacuated and then filled with dry N2 at IS psig; all other 
fibers were left in their oriainal atmospheres. Measurements 
be,an several hours after accelerator shutdown. To minimize 
exposure to oXYaen, only two fibers were removed from a 
container at a time for measurement, and they were replaced 
as soon as measurements were completed. The containers 
were pumped down and refilled after each openin,. -

lust before measurement, one end of each fiber studied 
was fixed with S-miaute epoxy into • l-inch-Iona aluminum 
femde. After the epoxy set, the protruding fiber end was cut 
flush with the ferrule with • razor blade and the surface 
polished with fine emery cloth. The ferrules served to couple 
the fibers to the photocletectors and also to remove the light 
travelin, in the claddin,. Care was taken to Iceep both expo-
sure to lipt and time in air short. 

Practical considerations limited the number of fibers that 
could be studied. The measuremeDt philosophy was to empha-
size fibers doped with pT + 3HF, and to begin by looIcin, for 
maximum and minimum effects by measurin, fibers irradiated 
to ·hi,h· and ·low· doses in Nlt At and air. (The actual 
doses. obtained from TLD readinp. were not known for quite 
some time.) Furthermore, the BCF-I0 fiber was badly crazed, 
so few samples were measured. ~ described below, the 
chan,es in fiber parameters were found to be fairly small, and 
so measurements concentrated on fibers irradiated at the 
·hi,h· rate. In addition. samples of control fibers were 
measured several timea durin, the I-year interval since this 
test be,an. 

B. Light yield 

Lipt yield wu measured by coupIin, the ferrule end of 
a fiber to the face of. Harnammu R2165-o1 photomultiplier 
usia, opticallf!8&e and excitin, the fiber with a collimated 25 
I'Ci ~i source a distance of 10 cm from the PMT face. 
Initially. the tube wu operated with its cathode at negative 
hip volta,e. but experience showed that less noise and more 
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consistent results were obtained with the cathode at sround 
potential and the anode at positive hish voltage. The tube's 
quantum efficiency peaks near 350 nm, and decreases by about 
a factor of two between the blue and green. 

The photomultiplier output was connected directly to • 
LeCroy Model 3001 qVt multichannel analyzer [13] operated 
in the charge mode and self gated. As shown in the pulse-
height spectrum of Fig. 2, the tube is capable of resolving 
individual photoelectrons. To determine light yield, the 
spectra were fit with the sum of a decreasing exponential, re-
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Fig. 2. Typical pUlse-height spectrum from an irradiated 81-4 fiber. 
The smooth curve it a fit using the sum of a decreasing exponential 
background and three gauisiani. 

presenting background, and three gaussians for the photo-
peaks. The area of each peak was assumed to be proportional 
to the corresponding number of photoelectrons. As is well 
known, the average value ii of a Poisson distribution is aiven 
by ii = (n + I)Pa+IIP., where p. is the probability of observing 
n events. Although the spectrum from a round fiber is not 
expected to be Poisson in shape [14], the ratio of adjacent 
photopeak areas should nevertheless be • measure of the 
average number of photoelectrons. In what follows, the light 
yield of a fiber is taken to be proportional to the ratio of the 
third to second photopeak areas after correction for the photo-
multiplier quantum efficiency at the fiber's wavelenlth. 

The results for the most interesting cases, normalized to 
the unirradiated BI~ output defined as 1.00, are shown in 
Table II. Yields for irradiated samples are given as percent-
age changes relative to the corresponding control fibers. For 
these measurements, the light yields are affected by the total 
doses at the detector ends of the fibers; the doses at the far 
ends are included for reference. The uncertainties are due to 
measurement procedures and sample-to-sample variations, and 
are estimated to be about ± 15 95 • The largest contribution 
resulted from fiber-to-fiber differences in the surface finish 
after the ferrule ends were polished with fine emery cloth, as 
described in Section lIlA. (This effect was later areatly 
reduced by using acrylic ferrules.) 

The light-yield changes relative to their unirradiated values 
are mostly within the measurement uncertainty, so it appears 

that little if any changes have occurred. This is not surprising 
for the total doses experienced here. 

C. Attenuation length 

Attenuation lengths were measured by exciting the fibers 
at 10 cm intervals with ultraviolet light from an Ond ~fodel 
6035 Hg(Ar) pencil lamp [lS]. Light output was detected by 
coupling the ferrule ends of the fibers with optical grease to a 
UDT Instruments Model 221 silicon photodiode [16). The de-
tector's response is relatively flat in the region of interest, 
increasing only 1595 between the blue and green. Thus. no 
wavelength corrections were applied. The detector current 
was measured by a Keithley Model 485 picoammeter [17] 
whose analog output was digitized. 

The results of a typical measurement are sho~ll in Fig. 3. 
The curve displays the familiar shape which is usually fit by 
the sum of two decreasing exponentials, 

(1 ) 

The steeper slope at small distances from the detector, 
corresponding to XI' is predominantly due to preferential 
absorption of the shorter-wavelength components. to off-axis 
rays, and partly to cladding light; however, most of the ligl-
traveling in the cladding is eliminated by the ferrule. n 
smaller slope at larger distances, corresponding to ~. rc:pre-
sents absorption in the fiber core. We have deternuned ~ by 
fitting Eq. (1) to the data over the entire fiber length. but have 
found that fitting a single exponential to the data for.r ~ I m 
yields more reliable results. This latter method IS used Ul 

what follows. 
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Fi,. 3. Typical phot.odcccctor output from an unirndw.c.s BI {j :".b 
excited by uv light. 1bc smooth curve ila fit using the "urn vI :· ... u 

dccreasin, exponentials. 



Table D. Liabt yiddI before and after irradiation, relative to unirradiat.cd 81-6 
output defined to be 1.00. YlClda for irradiated fibcn arc liven u per-
ccntap ebanaa with relpcct to valUCI of the unirradiaI:cd controla. 

Unirradiated Irradiated Fiben 
Control Pcrccntaae Chanae of Liaht Yacld Relative to Control 
Fiben 

Atm: N2 
Rate: Hilb 

Relative Oct.cctor-cnd 
Fiber Liabt Dole: 18 Krad 
Type YICld 

Far-cnd 
Dose: 61 Krad 

81-1 0.61 ± 0.1 

81-2 0.89 ± 0.1 

81-3 0.93 ± 0.2 

81-4 0.9S ± 0.1 -1 

81-S 0.81 ± 0.1 -3 

81-6 1.00 

81-7 0.76 ± 0.1 +3 

81-8 0.88 ± 0.1 -3 

8CF-990S LOS ± 0.1 0 

8CF-lO 0.91 ± 0.1 

The results for the most interestinl cases are shown in 
Table m. Values of the core attenuation lenams are presented 
for the unimdiated control samples; the values after irradia-
tion are indicated IS percentale chan,. relative to the 
controls. AB stated in Section DB. the doaea were DOD-

uniform alonl the fiber Imams. a feature SlOt known until the 
measurements were well underway. Because of tho DOD-

uniformity. the value of the core attenuation lenath obtained 
depends on which eud of the fiber iJ coupled to the photo-
detector, so this is indicated in the table. 

This effect may be uadentoocl by notina that the measured 
attenuation lenath iJ cIetermiDecl predominantly by tho distant 
fiber region. while tho region near the detector acts basically 
IS a constant liaht atte.nuator. Thus. fiben whose far ends 
have ~xperienced more dama,e than their detector ends will 
yield smaller values of ~ than fiben where the reverse is 
true. We have investiaated this effect by measurlDi fibers 
from both ends. and have developed procedures. described 
elsewhere [18J, for extractinl more information from such 
data. 

Atm: Ar Atm : Ambient Air 
Rate: Hilb Rate: Hiah 

Dctector~ Ddcctor-cnd 
Dole: 68 Krad Dole: SS Krad 

Far-cnd Far-cnd 
DOle: 27 Krad DOle: 20 Krad 

-a -20 

-10 

+15 +10 

-10 +" 

-4 -2 

-4 -12 

-a +S 

The uncertainties in the attenuation-Ienath chan,es in 
Table m are estimated to be about ± 3". The uncertainties 
in the values for tile control ampl. are smaller. probably 
because these remained stable while the irradiated samples 
were recoverinl while measurements were beina made (see 
Section mD). AtteIluation-lenathmeasurements are relatively 
iDsea.sitive to lipt amplitude. and the amount of li&ht reaching 
the photodetector is much pealer for ultraviolet excitation than 
for excitation with lI7Bi. Thu. in contrast to the li,ht-yield 
mea.suremeata. variationa in tile surface condition of the 
polished ferrule ends did DOt affect tho results. Table III 
silo"... that. for the conditiona of this test. attenuation lengths 
shortly after irradiation decreased but little. This is Dot sur-
prisiDi for the total doses experieDCed here. 

AB IDaltioaed. the values listed in Table m represent the 
first measuremeata after irradiation. and involve fiber expo-
sures to air for about 21h hn. Durinl exposure to air re-
covery oc:cun fairly quickly. and the tabulated chanaes are 
probably smaller than the decreues immediately after irradia-
tion. ThiJ issue is diJcussed in the next section. 



Table m. Core attenuation lengths before and after irradiation. Values for irradiated fibers 
are Jiven u percentale chan,ea with respect to values of the unirradiated controls. 

U nirradiated Irradiated Fiben 
Control Pel'Centaae Cbanae of ~ Relative to Control 
Fibcn 

Atm : Nz 
Rate: Hip 

Fiber ~ Detec:tor-cnd 
Type (em) DOle: 18 Krad 

Far-cnd 
DOle: 61 Krad 

BI-1 148 ± 2 

BI-2 16S ± 2 

BI-3 188 ± 3 -14 

BI-4 299 ± 3 -9 

BI-S 179 ± 3 -10 

BI~ 28S ± 3 -11 

BI-7 152 ± 2 -8 

BI-8 159 ± 2 -2 

BCF-990S 288 ± 4 -9 

BCF-10 217 ± 3 

D. Recovery 

Previous work hu shown that damaged plastic scintillator 
exhibits recovery effects after irradiation [S]. While some 
recovery hu been observed in arion and nitrogen, it occurs 
more rapidly in air - and even more so in oXYIen - atm0-
spheres. This latter effect is attributed to diffusion of oXYIen 
which combines with the radicals formed durinl irradiation. 
Because of their geometry, fibers recover more quickly than 
bulk samples. 

Recovery effects were observed in our measurements. Be-
cause of the small damap experienced at these doses relative 
to the measurement uncertainties, little evidence is seen in the 
light-yield data. However, recovery after exposure to air is 
evident in measurements of attenuation lengths. An example 
for a BI-6 fiber irradiated in nitrolen at the -high- rate (18 
Krad at the detector end and 61 Krad at the far end) is shown 
in Fig. 4. 

The recovery of the core attenuation lenJth ~ with time 
for a similarly irradiated BI-4 fiber is shown in Fig. S. The 
recovery is well described by the form 
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Fia. 4. Recovery in air for a BI~ fiber irradiated in nitrogen Tho 
dOle varied from 18 Krad at the dcccc;tor end to 61 KraJ at the: i.or 
end. The data arc normalized at z - 22 em. 



where "A:. is the value for the unirradiated fiber. "A:'" is the 
value immediately after irradiation, and T is the characteristic 
recovery time. For the fiber in question. T is about 20 bra. 

As mentioned. tho initial preparation and first measure-
ment of each fiber took about 21h bra, durin, which recovery 
was occurrin,. Thus. the relative decreases in core attenua-
tion length. ("A:a - "A:'«)~ •• Jiven in Table ill are probably 
smaller than the actual values immediately after irradiation. 
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Fig. 5. Recovery of attenuation len&th of a BI-4 fiber irradiated in 
nitrogen u a function ottime in air. The curve is a fitted exponen-
tial function. 

IV. SUMMARY 

An important issue for scintillatin,-fiber trackin, systems 
is the effect of the radiation exislin, in the detector cores on 
fiber properties. Amona the questions are the interrelated 
effects of the surroundin, atmosphere, both on the dama,e 
produced and in subsequent recovery; the scintillator ,eome-
try. which is very different for fibers than for bulk scintillator; 
the irradiation rate~ and the nature of the irradiatin, particles. 

As part of a proaram to develop a scintillatin,-fiber 
trackina system for SDC and 00, we are investiaatin, some 
of these issues. In a recent test, umplea of 10 different 
Bicron polystyrene-based fibers were imdiated by hadrons at 
realistic rates. The fibon were maintaiDecl in atmospheres of 
air. dry nitrogen. &f,OG, and vacuum, and were irradiated for 
7 weeks. Maximum doles achieved were about 80 Krad. 
Fiber properties, particularly liJht yield and core attenuation 
lenJtb. were measured over the one-year period since the end 
of the irradiation. 

Our emphasis has been on fibers doped with pT + 3HF. the 
current candidates for the SOC and De trackers. The proper-
ties of the three such fiber types studied (BI4, BI-6, BCF-
9905) were found to be essentially the 1IIUIJe. Within measure-
ment uncertaintiea, they have the IIIUIJe liJht yield and attenua-
tion lenath, the latter averap, (291 ± 3) cm before irradia-
tion. The BI-3 fiber. doped only with 0.6" 3HF, has almost 
the IIIUIJe li,ht yield but a smaller attenuation lenath of 
(188 ±2) cm, presumably because ofincreUed self-absorption. 

The attenuation lenJths of unirradiated control samples 
kept in darkness have remained unchan,ed over more than one 
year. Because of initial larJe uncertainties and subsequent 
apparatus improvements. it is not possible to compare light 
yields after one year to the initial values; however. we suspect 
that no chanJOS have occurred for the control samples. 

At the radiation closes achieved in C0, corresponding to a 
few years of actual fiber-trackin, detector operation, changes 
in liaht yield were mostly less than the ± 15 % initial measure-
ment uncertainty. and core attenuation lengths measured soon 
after the end of the irradiation decreased by about 10 % . 
These relatively small chan,es are consistent with other 
measurements showin,little damaae for doses less than a few 
hundred Krad. No effects specifically attributable to hadrons 
as irradialin, particles have been noted. 

The pT + 3HF fibers were found to recover after exposure 
to air, the characteristic time being about one day. Although 
we have not made a consistent study. this feature is presum-
ably due to tho low doses encountered and the large surface-
area-to-volume ratio inherent to fibers. and so is probably 
common to all our fiber types. 

Clearly. additional studies involving higher total doses -
and. of necessity, hiaher dose rates - are required. Such a 
proeram. employin, irradiation by 6 MeV X-rays. and pos-
sibly 24 Me V electrons, from radiation therapy awchines at 
the University of Illinois Hospital. will beJin soon. 
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