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. 2.6 THE BOOSTER —_—
‘ The operation of the Booster is described in some detail P (}hap.3
{ o
Sﬂq‘t this volume so we shall give here only a brief description.
-
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When the D-T reaction goes, a-flood of lk-Mev neutrons is released

which then cause figsions in the surrounding material. The fission rate
is thus "boosted" so that the resulting yield is mmch larger than would
w have been the case had no D-T reaction occurred. This sudden boosting
of the fission reaction will, of course, accelerate the disassembly of
the active material. For this resson, the amount by which the yield will

be boosted will depend upon when the D-T reaction occurs.

2
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CHAPTER 3

DIAGNOSTIC MEASUREMENTS

B. R. Suydam

3.1  ISTRODUCTION

It is the purpose of the Greenhouse experiments to test weapons

of two categories, normal flssion bombs and experimental bomhs contain-

1ng a mixture of deuterium and tritim;:ﬁﬁ“ o

i

o ’

Because ‘of the existence o

-r' w
this second category of weapons, the diagnostic experiments will be ra.n

more complex than thoge which have been done in the pagt.

e ————

—

Thias chapter naturally divides into two main sections. In the
firat of these we ghall discuss the diagnostic experiments to be pere
formed on the normal fission weapons. The second gection will be devote

to a description of the experiments vhich are designed to etudy the

thermonuclear D-T reaction.

3.2 DIAGNOSIS OF THE FISSION REACTION

The main features of a nuclear explosion and the theory of the
three crucial diagnostic measurements thereof have been adequately

described elsvherel and will be agsumed known to the reader. Suffice it

1
Scientific Director's Report for Operation Sandstone, Vol III
(Sandstone No. 9).
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to say that 1f the transit time T (the time from the firing of the d);;o-'
;‘,”.‘-‘T"f to the initiation of the fission reaction), the multiplication
rate @, and the efficiency (or alteniatively the ensrgy yield) of the
explosion are known, then it can be determined whether the explosion

was typical for 8 bomb of the type fired. MNoreover, if the explosion
proves to be atypical, 1t ia._poslible to deduce from such measurements

in vhat wvay the homb failed to behave in & pormel fashion.

3.2.1 The Transit-time Experiment
The trangit time will be measured esgentislly in the same

fashion as has been dons in the psst. Thias is accomplished by using a
cathode~-ray oscillograph to measure the time between the firing of the
% and the first appesrance of gamma rays outside the bomb. The
ganma rays here measured are the sams as those used to determine the
initial value of alpha and are picked up by a sengitive ionisation chambex
or scintillation detector (both will be used) placed near the bomb.
Transit time will be measured by a group from the Nawval

Research Laboratory under the direction of W. Hall.

3.2.2 Measurement of Alpha
The theory underlying the determination of alpha from a
measurement of the prompt gamma radiation has been adequately discussed

eleevh,ema and need not be repea.ted' here. The basgic idea is to measure

2
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the prompt gamma-ray intensity as a function of tipe, and this wit> de
done with two types of datectors, fast lonization chambers and sci=zil-
lation detectors.

In the past the principal method of measuring alpha bms
been the so~called Rossi technigue which smploys & large, fast ioz:i-
zation chamber. A Rossi-type alpha chamber consiats of two concemw=ic
cylindrical electrodes, spaced about 1 cm apart and about 5 £t in Zengt)
The chamber 1s made fast by using a gus mixture of 95 per cent arzz=n anc
5 per cent carbon dioxides, and by employing & high accelerating voitage,
about 2500 volts, between tha two elactro@u. The above choice of gas
assures &n ion mobility which is high, and which is indspendent of the
collecting field over the working range; thus space-charge effects are
minimized . Rossi~typs ion chambers will be used in the Greenhouss alphs
determination, dut only as a check for the scintillation detectors.

The thsoretical supsriority of scintillation dstectors ove;
ionization chambers for measuring time-dependent gamma~ray intensities
is best understood if we inquire as to the relationsahlp between the
gamma~ray intensity and tha collected current for an ilonization chamber

When an ion-pair is crested in the sensitive volume of the
chawber, the positive ion, because of its great mass, may be considered

2ot to move. The electron will move under the influence of the collect

k|

3
The pertinent theory of the Rossi-type alpha chamber is worked out,
€.8., in LAB-JT-15. Results are gquoted hars.




fleld, but its drift velocity is limited by the many collisions it make:
with gas molecules. For the argon and carbom-dioxide mixture used, the
electron Arift velocity is esssntially independent of field strength
and is about k.4 cm per wgec. It thersfore takes an electron about 0.2
peec to cross the l-cm gap in the chamber.

Now cohsider how the current to thes positive electrode
varies vith the incident gammm radiation., This current is clearly pro-
portiocnal to the total mumber of free electrons present, vhich is equal
to the total mmber created up to the ingtant of time in question minus
the mumber collscted at earlisr times. For the Rossi chamber, then, th
collection current will be approximately proportional to the average
valus of the gamma intensity over the period of 0.23 psec immediately
past. If we xweprasenf the gamma intensity at the chamber as @ (t) a.n
collection current as I (t), the sxact relationship works out to be

[~ =]
$() ex = g5 I(tnT) (3.1

neso
vharc“f is the time 1t takes an electron to cross the chamber (7 = 0.2
Heec) and K is & factor of mwmity which E&y be determined by
a static celibration of the chamber. If the collectlon time™7 18 long
compared with times during which :f (t) varies by large amounts, the
series (Eq. 3.1) is essentially egual to its first term and the chamber

v

is an integrating device.
Equation 3.1 shows that,’ 17 an ionigetion chamber ig used,

the gamms intensity must be obtained from the slops of.ihe-
@, { P~ ;
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71 ve t curve. This means that currents wust be measured to high precisic
«p order that the gamma flux versus time may be fdeduced with only modest
accuracy. For a scintillation detector, on the other hand, the light out
put of the phosphor, and hence the plate current of the photoelectric ce.
used to measure this light, is proportional to the instantaneocus value o
the gamma flux. The resulting gamma flux vy time curve 1g therefore Jus
ag accurate as the recorded current vs time curve. Of course any elec-
trical distortion present in the recording circuits vill modify the abow
statements for both ionimtioﬁ—chnmber and scintillation detectors, but .
vill do 80 in & known and calculable fashion.

The alpha-measuring experiment will involve & number of
gamma-ray detectors adJusted by means of digtance and gaumma-ray absorber
to respond to various portions of the wide range of prompt gamma-ray
intensities encountered during the muclear resction. Common timing vill
be provided so that the relative times at vhich the various detectors
respond vwill be determined. This common timing scheme will thus enable
ocne to fit the varioug records together in time and so produce & complet
curve of prompt gemma-ray intensity vs time, extending from the lowvest
detectable level to the highest which occurs. It is expected in this
vay to follov the muclesr reaction from a very lov level (a few pounds ¢
TNT equivalent) through ité maximum and well out into the regioi wvhere
@lpha becomes negative. As mentioned previously the principal detectio

scheme will employ ecimtillators. A back-up scheme using Roesi-type

>

T A TN ;‘D !
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chambers will also be employed, principally because this has been our

past method for measuring alpha.

——

e

=TT It will be seen from the foregoing description that the

alphe experiment is much more elaborate than is strictly required to

X e . N .
IR Bl st i S Al 4
’ S Y,

dingnose the performance of a fission bomb. Accordingly, the results of

the expez:iment will give mch more information than merely the answer |

PRE S

h . 5 TV
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——— .
to the question: wams the explosion typical?
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:‘f’ !
¥3 |
?.A
— —
ot \ P
.M - 63 - F; o

UNCLASSIFIED e 7



UNCLASSIFIED

— b

hydrodynamics of the early stages of this process 1s quite simple and
amenable to calculation. Alpha messurements vhich extend from very low

reaction levels into the regilon where alpha begins to drop are therefore
very valuable for two ressons. The mathematical form of the alpha versus
time curve in this région can be ca.lmzlated theoretically; a measurement
in this region therefore affords a check on theory. Moreover, theory
wovides us with a correlation between the absolute fission level of.

the bozd and the break in alpha. This ensbles us to assign an absolute

level to any portion of the fission reactionk and to determina the im-

portant quantity o , the mmber of game photona escaping the assembly

R it e
R T

per ﬁuion.J o
—

= \"’-" -

[}

A

T " [ Recent improvements in thi heomr..’

on one hand and the ugse of differential detectors on the other will give
mich more accﬁrste results foar the Greemhouse shots. The real importance |
of the quantities T: and the absolute level will be apparent later when

we discuss tharmonuclear reactions.

T i

Y . -

This statement is not strictly true for very late stages of the fisgion
reaction, vhen alpbs is very small and the prompt gAmmR reys are not
simply corzelated to the fisgion rate. s

- 64 -
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3.2.3 Determination of Yield
The principal method for determining the total energy r«

leased by a nuclear explosion is the radiochemical snalysis of sample

of the bomb. The principle of the radiochemical method is this: a

sample of bomb materials is collected and the activity of some fissic
yroduct vhose yield is known is determinesd. This together with a de-
ternination of the amount of unburned material, 1’\1239 and 0235 » glveq
the fraction of fissiomable material burned and bence the efficiency
The efficiency known, the total yield can be readily calculsted from
known total amount of fisaiona‘ble materisls in the bomd and the know
energy releese per fiseion. It is ssen that radiochemistry gives ar
absolute (1.¢., independent of m c;libration) determination of the

yield.

n7_



Sampleg of the bomb ‘will be collected by flying one air.
craft, fitted with special air filters, through the radicactive o3 oixd.
This is an expensive operation but is known from Sandatone resulig ¢
vork well and give good bomb samples. In addition it ig Planney to
attempt & ground collection of bomb samples by means of heavy slteel
bottles firmly anchored to the ground vhere they will be taveloyed n
the ball of fire and (it is hoped) in the cloud of fission fragments.

A third collection method will be attempted, i.e., firing specially
equipped rockets through the cloud.

The success of the ground sampling bottleg ia highly
yroblematical and pressnts very great Ixoblems, but this methoq vill
represent & great simplification over drone aircraft operationg in future
tests if it works. 1In addition to such purely mechanical Froblemg o4
securely anchoring ths bottles so that they will reuin Lixed Auring the
strong blast, and the proper opening and closing of collecting ports
under extremely adverse conditions, there remains the fundamentg) Frob-
lem of vhether the fission fragments will ever reach the bottle, ang is
they do, vhen. These last questions cannot be answered on mmucu
grounds, but rather must be eettled by the results of the test, Estimat
concerning these crucisl questions have been attempted and we Yeliave
that the chance for gucceas has been maximiged.

Another method of optaining the yield of a nuclear gy..
plosion is the messurement, by mesns ?r;_.mtion photography, of the rate
Of growth of the ball of fire. A kuowledge of the radius of the ball o

fire as & function of time when used together with the vell-known blagt

_ ) 66 )
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scaling lavs and with such existing observations of this function for .
shots Vhose absolute yields are kmown will give an accurate estimate

of the yield. This method, as .céntruted with radiochemical analysis,
is a relative measurement and requires calibrétion. The three Sandgtons
shots together with Bikini-Able and Trinity provide us with the required
calivration to such precision that yie.'!.d.s deternined in this fashion are

3 about 8s reliable as are radiochemical yields.
p An absolute determinstion of the early delsyed gamma-ray
intensity together with a knowledge of the transmigsion properties of

air can in principie be used to determins the total activity within the
ball of fire and hence the absolute y:leld. of the explosion. This was
tried at Trinity with indifferent success and will be tried again, mach
more elsborately, at Greenhouse. For the coning tests, mich wore precise '
gam-uuaring equipment will be used. > In l.d.d.ltion the gamma spectrum
vill de meunrcd. so that cnrrectiou for the air absorption can de asde.
This is a difficult experiment, dut 1t it succeeds it will give us owr
first absolute check on radiochemistry.

Prom past cxperie_nce5 it appears that the total gamme-ray

1%

dosage at any fixed distance from a muclear sexplosion is proportional to.
the energy released. Accordingly, precise measurements of total mny

—

) : .
S8ee Chap. 4 of this volume for & discussion of our knovledge of gamm
radlation, and s discuesion of gamma-ray mesgsurements to bde conducted

at Greemhouse. - * _
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dosage received as a function of distance ghould give an accurate rel:
tive vield determination. I‘xi'contraat vith the ball-of-fire method, |
this scheme has not been accurately calibrated. It 1s expected, howe:
that sufficiently sccurate gamma-ray detsctors will be used in the

Greenhouse tests apd that a good calidration of this method will resul
This, .1f achieved, _vill be an important result, as conditions are con-
ceivable (such as an underground or underwater shot) which wquld make
other methods of yield determination difficult, if not impossible.

A f£ifth method of determining yields, which depends on
blast scaling laws, is to meagure the time between the first appearan
of light and the ainimum of the light curve. This is accomplished by
an instrument vhich vas named the bhangmster by F. Reines, who propose
this method. The bhapgmeter will be used for the Greenhouse shots, by
more as a test of the instrument than as a device for measuring yleld,
3.3 DIAGNOSTIC EXPERIMENTS FOR WEAPORS WEICH

INVOLVE A THERMONUCLEAR REACTION
A thermonuclear reaction is, as its nams implies, a reaction br
about by collisions between nuclei which are induced by their thermal
agitation. As the coulomb barrier of any mucleus 1s high, only nucle
of the smallest possible charge can be coasidered if ons is not to re
Prohivitively high temperatures. In addition, if the reaction is to
Place fast encugh that an apprécisble amount of material reacts, muc.

Are required which bave a lsrge crosé. section for the reactba in que:

bl\ b.ﬁ_u .u\.;i: iji EED
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Accordingly, we are limited to the lsctopes of hydrogen; the reaction

with the largest cross section is the D-T {deuterium-tritium) resctioc

L'K—*krthe reaction wve are studying 1s & binary reactiom, its speci
rate, i.e., the number of reactions per second per unit volume, villl‘

proportional to the square of the particle demsity, and it will also
increase very sharply as the temperature rises. Thus as ths reaction
proceeds the ehergy releaged tends to raise tha temperasture and to in
crease the reaction rate. On the other hasd, high temperatures mean
high mregsures and hence rapid expansions which tend to gquench the re
action, If these weres the only considerations, things would be compl
cated encugh. Actually, hovever, many more complications arige.
 Anything vhich tends to cool the muclear gas ar to reduce its
density has a quenching effect on a thermomuclear reaction. Hydro-
dynamical expansion does both. There are other cooling agenta, howe
The firgt ig beat conduction. This process becomes guits rapid at X
temperatures because of the high heat conductivity of the electron
80 that it is necesaary that the electron gas become not too hot if
¢onduction losgeg are not to be prahibitive A second cooling agen

vhich again 1ncraa.aea vith the teﬁ,perature of the electron gas, ig

»

gl



yremsstrallung, that is, the radiation of electromagnetic energy and
1cas of kimetic energy of an electron which 18 deflected by the coulom
1g1d of & nucleus. The third cooling agent is the lnverse Compton
effect. When electrons and photons collide, energy is transferred fro
ope particle to the other. If the electrons are more energetic on the
average than are the photons, the electroms will lose energy on the
average and the radiation field will gain. Inverse Compton effect ten

therefore to equalize the "temperatures” of the radiation field and th

alectron Zsas. A S -
|
o 3.3.1 The Booster Coa o
: x

=
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- Merely & yea or no answer to the question \mether aome
tritium bas burned can hardly be called a detailed study of the thermo-
muclear reaction. In addition tc this informatiom it would be desirable
to xnow the answers to ths following guestions:

1. How much tritium hag reacted?

2. At vhat nuclear temperature did the reaction go?

3. At vhat depgity did the reaction take place?

k. What vas the reaction rate?

5. What was the state of the material in the vicinity

of the D-T mixture vhen the reaction started?
It 1s the purpose of ths dimgnostic experiments to answer

some of these quesations.

3.3.3 Determination of the Amount of Tritium Consumed

The experiments designed to determine hov much tritium
burned depend on the fact that every tritium atom consumed releases a l4-Mev
neutron, vhereas, the fiseion reaction yields very few meutrons as energetic
as thig. Thus any experiment vhich measures the high-energy neutron yield
is a potential handle on this important question.

One method of obtaining the highe~energy neutron yield is
the use of threshold neutron detectors pla.ced at various distances from

the bomb. By obtaining in this fashion a high-enery neutron flux versus

distance curve, the source strength of the bomb can be obtained,
»

AR %0 Y o T N
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Another method, which ia equivalent to the above in princi-
sle but differs considerably in det;.a.il, consiasts of the use of a nuclear
¢rack camera. Such a device consists of a collimator which mroduces an
egsentially unidirectional beam of neutrons which then borxbards a thin
pydrogenous rediator. The recoil protons from this radiastor are detected
at knovn angles from the neutron beam by nucleer track photographic
plates, and their emergies are detemined’by measuring the lengths Q;
the proton tracks. In this way a neutron spectrum ig ma.au;‘ed and any
particular high-energy groups can be separated from the rest. Actumlly
several such cameras will be used at several distances from the explosion,

so that measurements of high-energy neutron flux as a function of energy

and distance will be determined, s e e ~—— .
)

i
e e T " e, J

5 ' .
See also Chap. 5 of this volume which describes :hhe neutron experiments }}1
in somewhat more detail. /
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Both of the above described diagnogtic experiments will be

performed bY Los Alamos Group J-3, under the direction of W. E. Ogle and
o /-—‘\

A s e e e - - ....-—-L

L. Rosen.

e B

\-(‘;'

. o

2 ‘ o This experiment will o; course be performed by the radiochemiastry
group, Los Alamos Group J-2, under the directlon of R. ¥. 8pence, and

vill probably give the most reliable measure of the gquantity of tritium
consumed. Cr—
T Other diagnostic experiments are expected to contribute
information regmrding the amount of tritium consumed. Such experiments,
hovever, are directed primarily at obtaining other information; those
described above are the ones being relied upon for determining this

important information. /——? B

e
"
-

3+3.4 The Temperature of the Nuclear Reaction: ‘
The Tenex Experiment

If a Qeuterium and a tritium mucleus were to react at rest,

8 neutron of lh-Mev encrgy would be libersted. This is uno longer strictly

__’__,/l e g
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true if the particles react in flight. In the latisr case, the neutron
emitted, vhen observed in the cénﬁer-obgrtvity aystemr of coordinates,
vould have an energy of 14 Mev plus fourefifths of the kinetic enargy
carried into the reactlon by the reacting particles. Actually, of course,
the center of masa of the rescting particles will be in motion relative
to the observer, so that there will be a Doppler ensrgy shift supers
imposed on the energy im the center-of-mass system: Thus, the neuntrons
released by the D-T reaction will have anergies which cover a band in the
neighborhood of 14 Mev, with the band being broader the higher the ve~
locity of the reacting perticles, i.e., the higher the muclear temperature.
It is relatively easy to show that the welocity dis'tribution is roughly
Gaussian with s half-breadth dependent on the temperature. Ry
T The Tenex experiment will determine the distribution of the
lh-Mev neutrons in velocity, by placing scintillation detectars st a
congiderable distancs from the explosion so that neutrons of various
energies are separated by noting their arrival time. In order that
spuriously long times of flight, caused by air scattering of thes nemntrons,
zay be eliminated, the detectors must be placed bchm collimating tubes.
These tubes will contain lead absorbers to reduce the gamma~ray backe
ground.
Two stations will be employed for this experiment, one at
200 and one at 1,000 yd. The time resolution, about 0.1 microsecoxnd,
vill not be sufficient to give a velocity reso}:gt’ibh at the near station.
The purpose of this station is to enable ane to subtract, from the data

- WA AVE- Ve TN T I B
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yielded BY the fer station, any finite neutroa pulse breadth vhich is
caused BY f£inite burning time rather than a velocity spread. The re-

gulting neutron intensity veraus time curve will give gome sort of an

sverage miclesr temperature for the reaction.

.3. 3.5 Determination of Density

An ingenious experiment has been daviged for determining

the density of the D-T mixture at tha tims the thermomiclaar reaction
takes place, | ‘

]

r
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The auccess of this experiment evidently depends on a

e T e A S

determination of the amount of tritium consumed.

————

’ /____,....-..-
7 3.3.6 Determination of the Reaction Rate
The Dinex and Ganex Experiments
It vag pointed out by W. E. Ogle and P, R.ines7 that a ?

time-dependent study of the li=Mev neutrons froam & reacting bomd assembly
could give considerable information. In ths first place, in principls,
such measurements can yield information regarding the fission rate as

a function of time in a mmch cleaner fashion than caur the conventional
alpha measurements. (ve are here comcerned with varying alpha region)

Id R e aiiaa ]
k)

-, because the processes involved are much simpler.

See LAMS-1062, LAB-J=655 and LAB-J-T1l for early gotisiderations of
this experiment.

8

This statemsnt is true only for figsions induced by thermal neutrons.
The lb-Mev xsutron yield can, however, be dstermined far  other neutron
energiesg,

- 80 -
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h Yor the foregoing reasou,‘ the Dinex experiment, i.e., the
experiment vhich measures li-Mev peutrons as a function of time, vill
Trobably yield less information than was oriéimlly hoped for. It can,
hovever, yield the very valuable informaticn of D-T reaction rate as a
function of tima. J

UlvCLascie e ;

amiemanst S




'.‘..,:.'*. AN ';_"‘ P
-4 !‘»}5;#,#',‘#’3,’:& o

'
-‘,;&L

5

L

A

.. - 4

¥y
g

ta. ik
e

N4

\r
=5

R iiet

e
! '.ﬁ i‘ !

A
N1
i7
A
s

8

UNCLASSIFIED

On the basis of the foregoing discuasion, the Dinsx ex-
periment can be easily understood. Essentially, we follow the D-T
reaction rate by meaguring the lh=Mev neutron flux as a functiom of

O I vy UV

time. |

\ o
‘—-\Thnl the requiremsnts put
on the detectors by the high time resolution are fast response, good

energy discrimination, and good angular discrimination.

—_ A aingle detector for the Dinex experiment consists of a
collimating tube, & proton radiator, a mmgnet, and a proton collector.
The collimator serves to define the direction of the neutron beam; it
therefore serves the double purpose of eliminating neutrons which have
suffered large-angle scattering and of uniguely correlating the enargy
of a recoil proton with 1ts direction. The maguetic analymer accepts
those, and only those, protons which are ejected from the hydrogenous
radiator by lh-Mev peutrons. The li=Mev neutron flux is thus meagured

a8 a proton current at the collector which 18 essentially a Faraday

cage; the curremt is 1.6 x 1079 ampere per roton per second. We

<

9
One ghake = 10°- sec.
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gpeak of the primary peutrons as having an energy of 14 Mev. Actually,
of course, the energy vand width 1s finite because of the Doppler spread
‘discussed under the Tenex experiment.

A large shield is required for the Dinex experiment, in
order that ccllimating holes can be made, and in arder to keep spurious
radiation from reaching the proton collector. In the absence of guch a
shield, gamma radiation falling on the proton collector will eject Compton
electrons and thus produce a background curren#v:» A"W,%

-y

fission neutrons can csuse a aimilar trouble. |

f8 e amatya

o T —————

i - ‘%‘I”‘tem;—:\.}; D-T reaction starts, of course, background troubles
are mch;as severe. | S ‘
Before the thermonuclear reaction starts, the level of 1lh-Mev
neutrons is low and the proton current at the collector is corresponrdingly
amall, In order to record such signals amplification 1s required, and
this poaes. a very severe problem in amplifler design. At the peak of the
thermomiclear reaction, on the other hand, the sigral available at the
collector is aucﬁ as to require attenuation before being recorded. Al-
together, the range of signal level to be recorded ies about 10,000 to 1.
Accordingly, each proton collector will drive & bank of cathode-ray
oscillographs, each recorder having-a different sensitivity and hence

recording over & different range of signsl level.
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In addition to the Dinex experiment discuseed above, there
ig the Ganex experiment, which is also designed to measure the D-T re-
action rate as a function of time. The Ganex expariment also utilizes
the l4-Mev neutrons released by the D-T reaction, but the detection schems
{s different,

In the Ganex experiment, the li-Mev neutrons, after passing
mough a collimstor (mot, hovever, a particularly good cne), are ;lloved
to fall on an ironm converter. The iron inelastically gcatters the highe
energy neutrons, thus giving rise to gamwa radiatiaon. A scintillation
gauna~ray detector is then placed behind a collimmtor which points at the
iron converter; the gamma rays from this converter are thus measured as a
function of tims.

As compared with ths Dinex experiment, the Ganex experiment
has one definite virtue and two definite disadvantages. In the Ganex
experiment ths iron comverter will be placed in the tower cad and the
gauma detectors will be placed om the ground Bear the bage of the tower.
Thus, the ;evere problem faced by the Dinex experiment, i.e., the trans-
migsion of signals down the tower over transmission lines which are
subjected to & large gamma flux, is avoided in the Ganex experiment.

The Ganex experiment suffers the disadvm of the lack of a clean
energy discrimination and therefore will mot work at low levels, for the

background from fission neutrons and’gamma rays will obgcure such signals.

The complicated intermediate procesges, {.‘3‘. ,' the inelsstic gcattering of
Reutrons and (n,7) reactions in irom, mske 1t mmch more difficult to in-

terpret current st the detector in terms of an absolute reaction rate
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\p the D-T mixture. Aécordmgly, the reaction rate versus time curve

yhich this experiment ylelds is purely relative. Absolute reaction rates

can only come out of correlating Ganax resulis with the determination of

tbe total mumber of D-T reactions (see Sec. 3.3.3). I
/
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3.3.7 TIhe X-ray Experiment
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The chha.nism of L-ray }bsorptlon is the photoelectric effect,
i.e., the absorntion of photon accom;anied by the ejection of a bound elec-
tron. The enerzy of the photon which was destrored is imparted to the elec-
tron which therefore escaﬁos its aton vith an energy equal to that of the
absorted photon minus the binding energy of the electron. Following the
photoslectric ojection of an electron therg will be an unoccupied %hole" in
onc of the electron shells (usually the E-sholl) into which an clectron wil.
drop from somo outer shelle This glves rise to the emission of ah X~ray
photon charactoristic of the transition ix_‘)'fvéiir'ed; tho process is known as
flourcscencg. Tho frequency of tho flourascont radiation will evidently

; % |
dopend on the sholl from wiich vhotoolecirons arc ejected; thus 1f K-shell
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olcetrons aro ojocted, the characteristic K~radiation will rosult.

The oporation of tho X~ray dotoctors can bdo understood in tho
1icht of tho preceding discussion. Primary Xe-radiation from tho bomd is
allowed to fall on a motallic sample, which takes tho form of an appropriat
compound (a bonzoato or a tertrate) dipersod in polystyrene. Tho rosulting
fiouroscont radiation is thon passed through a. berrlium window which serves
to stop photo-clcctrons and partially to filtor out low cnorgy flouroscant

Pldfc
rrdintion. The romaining flourcscent rﬂ.diation fall on a metallic AR fro

which it ejacts photo-clectrons which are colloctod by a ton kilo&lf elact
flold. 3Beczuse of the strong enorgy depond.once of the photooloctric offorcti
~tho luninescont officioncy and the filtoring action combine to mako a dectuc
which 1s sharp]y onergy seloctive. Four: ?;rqups of dotoctors will be usod,
each group in a separato X-z:?y beam! and eaé_h poaked at a different cnorsy.

There are three groups of threc detectors each and one group of two detect

nalking slevon in all.

b o »

e

As vith the D:Lnex experiment, nrious dirricultieo are in-
troduced by the magnitudes of the rimary signals involved. Hovever,

the atruggle there wag alwvays to gain signal level, whereas, the Xeray
Cua .
experiment 1s at every point plagued with too much signmal. The flyorese.

¥5lis caunot be placed in the tower csb, ;faor instance, because the level

Thém
©f the Xrays is such ag to veporize WESAGMES before a pignificant reediy
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flucrescers
. taken. The Yl ' :
an e are accordingly piaced at the end of a long

d pt ton 8
'"Cu‘te pipe, at the bottom of the tower. The Iinverse r loss th
- us

u::;ie"ji brings the Xrays to a reasomable level
e " ‘ . I
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