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: .PROJEGT OBJECTIVES

. To obtain information about the physlcai stage of neutron mteraotmns with t:ssue ﬂ'lrough :
secondary charged paricles. We uge theoretical calculations whose input includes neutron

. cross saction data; range, stopping power, ion yield, and straggung Information; and :
geometrical properties. Outputs are “initial” and *slowing-down* spectra of charged
particles, kerma factors, average values of quality factors. microdosimatric apectra, and
integral microdosimetric parameters such as y;, ¥, ¥ Since It has become apparent that

- panometer site sizes are more relevant to radiobiological effects, the calculations of avent
size spectra and their parameters have been extended to these smaller diameters. This ~ .
infarmation is basie to mdidlogical physics, radiation biclegy, radiation protection of woﬂcers
and standards for neutron dose measurement. : ‘

ACGDMPIJSHMENTS

® - Neutron kerma factors {energy transfer ooefﬂcaems) used wodd\mde for neutron
doametry , ,

L Katz used neutron-mduced secondaly parﬂcle spectra to predict cellular neutron
' effects by delta-ray interaction mode!

® .y spectra serve as standard for health physu:s anatysus of radiation flelds using
: tlssue—equtvalem prcporuonal counters (state—nf~the-an matqu)

® Neutron code led to radon code W. Hofmann (V. of Salzburg) uses our results \mth
his effect-specifle track-length madei to predlct radnn mrdnogenasxs in brcnohlaf

 epithalium

Track strudure effects in neutron mncrodos:metry and nanodoalmoiry This is an
investigation of the effect of proton energy-loss straggling and the associated transport of
energy by secondary electrons on neutron event-size distributions in small sites. W. Wilson
of Pacific Northwest Laboratory and H, Paretzke of GSF, Munich have developed an analytic
model for the ionizations or energy depositions producad in nanometer-size sites for protons
and alpha particles which summarizes the results of hundreds of Monte Carlo caleulatione.
The Wilson-Paretzke modes has been used to generate event-size distribytions for
monoansrgetnc protons with & gwan chord lengih within a sphere of ﬁxed duameter Their
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digtributions have been fitted with leg normal distribution functions and the parameters of the
log normal function are fitted analytically as a function of proton energy, sphere diameter,
and chord fength.  These proton spectra are then used in a modified Casweli-Coyne code to

- generate event-size distributions for neutrons which include not only the effect of

energy-oss straggling but also the transport of energy cut of and inte the gavity by the
secondary deita rays. - Wilson and Paretzke have also analyzed data for “ouchers” or

.“passers” for protons and these are included in ur calculations as well.

_~ lthas been clear for some time that, é!ihoi.zgh the cell nudleus is of thé scale of mitrons, say
- 8 um, to understand the biclogical effects of iontzing radiations we need to consider as well

smalier structures such as DNA (2 nm spacing between the strands) and nucleosomaes (5-10
nm), Forneutrons the situqﬁon is more complicated than for protons, for example, because
of ﬁwecmany sgcgndary parficles produced by neutron interactions, the most important being
P« G.N andQ, - SRV ~

Using the Wﬁson-Pareizke model combined with our aﬁalyﬁc neutron code, we have
calculated the spectra of neutren energy depositions in nanometer-size cavities for neutron

-energies from 0.5 MeV to 20 MeV. Most of our caleulations are for site sizes ranging from
.~ 10 nm to 1000.nm. We are studying the question of what is the meaning of an energy
deposition spectrum for site sizes as small as 2 nm. Perhaps only iohization frequency

needs ta be considered. Our latest work has been summarized in a paper, Randall S.
Caswell and Stephen M, Seltzer, "Monte Carfo and Analytic Methods in the Transportof
Electrons, Neutrons, and Alpha Particles® which is to be published in the Proceedings of the .

“Monte Qano Workshop, held April 27-29, 1993 in Irvine California (Plerium Press).

We are alsohaidng some compaﬁsons of results with other calculations (Morstin and Ofka)

and experimental measurements (Klisuga). -.

The MPMeE program is oparational on both the Cray Y-MP and Convex C3820 computers |

_at NIST, although thg Cray ig preferred becauss of the greater spsed and longer word

length..

'Energy deposition spectra and their moments for fast neutrons. Using caloulated

charged particle initial spectra and slowing-down spactra we can.calculate the energy
deposition in spherical cavities, The spectrum obtzined is sometimes called the single event

.spectrum or a distribution of dose versus y, the lineal energy. The frequency mean of this

spectrum, i, the doss average, ¢,, and the dose average including saturation comrection, y', .
can then be calculated. These guantities-are closely related to the Ksllerer-Rossi '
parameters2g, 7, and §, We calculate these spemra and thelr mioments for neutron

energles up to 20 MeV and for cavity sizes in the range of .5 um (0 30 um. Systematic
calculations have been camied out of the energy deposition spactrum, f,(e), and the -

. parameters y:, ¥, and y over the range of energies and sensttive volume sizes cited using '
* "bin-gveraged neutran ¢fo55 secﬁong. o e R

Study of Relation to Biology and Biophysical Models of Neutren Energy Deposition
Calculations. Stephen M. Seltzer, who I8 welkknown in the fleid of radiation transport

. calculations, and Lisa R. Karam, who has broad experience in radiation biochemistry, and R.
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8. Caswell, all pamclpants in th:s proiect. have formed a. sma!l study group on bu:physlcal
and bigchemical modets of radiation interaction. Dr. Karam ig teaching the two physiasts

- molecular biology and radiation biochemistry, and Seltzer and Caswell are discussing.
nautron microdosimetry, nsutron nanodosimetry. and biophysisal modeis of radiation
interaction. We also interact with Prafessor Wemer Hofmann from the University of
Salzburg on biophysical models of radiation carcinogenesis, which are primarily for the
radon problem, but are relevant to neutron heaith effects. Steve Seltzer:has reported on the
Lethal, Patentially Lethal (LPL) model of Stan Curtis to a Séience Subpanel of the
Committee on Interagency Radiation Research and Policy Coordination (CIRRPC) studying
Fluence-Basad Risk Assessment. These discussions Rave been exceedingly interesting 5o
far, and we anticipate that they will lead to signifieant insight into the biological effects of . -
ionizing radiation and to new appmaches to the subjaot of “Neutron Interactions with
Blolog:cal Tissue".
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*These are app!lcenons of the analytac method daveloped for neutrons to the pmblem of
radon.
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