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Somo Energy Sp@czra of Str J Nautrons o
o Irom the Bevatron .

" Richard L. Lebmad and Olga M. Fekula

Lawrenca Radiation Laboratory
‘ University of California
Berkeley, California |

~ July 1964
vaestmct

" Recent improvemeam in tb.e epead of track scanning, 1n track sampling. ’

’ and in the anaiysls of random track-venergy distributions have extended the

use of nuclear track emulsion to mciuda the measurement of stray nsutron

- gpectra.” The value of theee improvements has been tested in the measure-

‘ment of fluxes and }s'pectra of stray fast neutrons.at exgm locations in the

| v"lclnity of the Bovatron.

The gen@ral form of the Mray«-mmron spact:m moaaumd be&ween

- 0.7 and 20 MzV was & broad peak in ehe :egion 0.5 to 2 MeV followed by a

~ smooth 100-fold drop in valus between the peak and 12 MoV. Local

B departures from this pattern, arising from the influence of nsarby smaller

accelsrators, were measured.

' Those smulsions exposed in the direct stray fleld through the cpsn |

C (SW quadram) roof m@aamed a ﬁm‘&ommmn'murce strength of 0.44 to

0.24 nsutron per acceleramd proton. ""he valuzs for the b@tt@ra-ahﬁe&d@& '

i locations were betweea 0.028 and 0.066 meutron per accelerated proton
The thermal neutron "source strength” was between 0.34 and 0.66 aeutron

-'__'par accelerated proton atwall locationa. At the betterwshielded locations, -,

the thermal neutron ﬂ\ax wag about 10 times the i@st neutron flux.
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Introduction '

The principal health hazard to workers in the vicinity of shzelded o

Feoe ? high-energy particle acceleratora is from stray fast neutrons of mean S

| énorgy between 0.4 and 2 MeV (1, 2). Knowledge of the intensity and
energy spectrum of these neutrons is important in the evaluation of the
;'adiation,doée they produce. Various cbunting, activatibn. and attenuation .. :

measurements have given precise values for the intensity, but only rough

_’ ~ideas about the energy distribution of such stray neutrons (3-7).
Until recently, the use of the most reliable instrument for measuring
fast neutron ﬁpéctra--:-nuclégr track emulsicn--has been restricted to

neutron beams and point sources where the direction of incidence is known,

Now, however, improvements in the speed of proton track scanning, in
~ the track sample corrcctioua, and in: the analysis of random-track energy
: distributions have extended the use of nuclear track emulsion to include

:. measurement of stray-neutron spectra (8-40). This work tests the value

N et Vet e A e e e

~ of these improvements through detarmina.tion of some energy spectra of
.';r; . stray ne\..xtronsA._‘ by use of nuclear track emulsions exposed in the vicinity

. of the Bevatron.

',Il.".v Ex'berimental_ Method

The emulsions

3

The nuclear tramc emulsion Was from Ilford In¢, , Iiford Essex, England,

Type L. 4, batch 22147 manuﬁactured on October 20, 4960, It was
B ) 'immediately shipéad to Berkeley, California 28 1 X 3-in. unmounted
- peuiclés. 600 p thick. " The pellicles were stored 4 months, thea cut into

1 X {-in. pieces (each of which was wraiapgd with & isingle fold of black papef o

r EO .. .
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and a single fold of black taps). The exposure periocd was between 4 aﬁd
10 weeks. They were developed on the day following the end of the exposure.’

Emulsion history charts (11) were kept for each pieze.

_ Their location during exposure

" Eight wrapped pieces of emulsion were taped to the inside of windows

or to the sides of desks in rooms of buildings that stand withina 260-m

" radius from the Bevatroan. The precise loczations and exposure periods are -

presented in Fig. 4 and in Table 4. During the exposure peariod the Bevatron
operated on a normal 24-:hour_ daily schedule, and accelerated to high energy
1% : .

about .1:4 X io vprotoxxs per week., These protons struck internal targéts
at 82.99° in quadrant three and south end of west tangent tank., At the
game time_. the i84~inch synchfocyclétxon was accelerating beams during
appro:;imtely’ 50% of the exposure time. Mére thaa 90% of these beams

were brotons of several hundred MeV that were used in producing mesons.

The Bevatron shielding

‘The shielding of the Bevatron consisted of a 42-ft-thick cylindrical
 ring of céncrete blocks lying just outside the magnet ring. Additional

! Z-Qt slabs §£ concrete covered the straight (tangent) tanks, which unitev the
four curved quadrant Qectidna. The top of the magnet riﬁg was largely

open and unshielded. e

Emulsion processing |

The exposed unmounted 1 X 4-in. pieces of emulsion were developed
- and fixed by a modifled cold-cycle 'procéas (ii).‘ The processed emulsions
were soaked for 24 h in a concentrated solution of wood rosin in ethanol.

' This treatment reduced the gvemga thickness shriﬁk&ge to 27%. Prior to

- scanning; the emulaién pieces' were mounted on 4 X 3-in, gldss microslidés-

by use of a clear spoxy cement.
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y Scaiming ‘
B Track samples were sslected with the help ofa microcoordinate readout

. microscope: that trac.k was meaanred ne:zt which lay with its end neareat

the end point of the track just previously selected and meaaux'ed ('10).
- (However, onli those tx"ackaitl_mt had both end points within the emulsion

f L’ volume were meaa\_xred. ‘) ‘ ,'I‘Kus track a'amples were selected aiong -5 :
e Vmicroscopic ";'andom walk" through the emulsion. The track denaity in
each e:'nulsion.was measured independently by counﬁng the tracks withina -

 known volume. The hy}'lrbgeh atoms in the protein matrix of the emulsion were

- "'/ the sole source of tracks from proton racoils. The only tracks measured

were those of proton recoils.

S P ' An IBM-650 computer, ‘directed by the program "RECOIL I", computed . -
 the length of each measured track and assigned it to one of 86 proton track-

) 'lgﬁgth enargy intervals (11).  Several thousand tracks generated the points

L of a ra;w proton energy distribution. This tdiat.rib\ﬁion was corrected by a
: ;f'_. {actor (bé.aed on the ge‘.ometric probability that a track of a g-iven energy will |
i o .en‘d outside the emulsion) that assumes an ieotropic neutron exposure (.9). '
{ . e i o This was reasonable, since thé factor is relatively insensitive to departures
- from isotropic exposure. - - | |

There is a nerious acazming bias agalnst the very short tracks
: - Corrections for this bias have been derived from ana.lysas of track-length

distributions obtainad by ascanning from_ emulsions exposed to singieaenergy _‘ .

neutrons (40). In the figures corrected values are given ag A's.

i
I

.Track-energy distributions correcﬁed as 4bove ccmt..in two peaks that . ),

e

P T

distort the baaic proton recoil spectrum One, at 0. 60 MeV arises fx-om .
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the nuclear NM(n. 1:»)C‘14 reaction with thermal neutrons. The other.'

at 1.25 MeV, i8 from a-particle tracks that are the major coxxiponent in

. the background track density of the emulsions. Natural alpha emitters

f\

"built into" the omulsions during manufacture are the source of these tracks.

~ The 4. 25-MeV peak vanishes when the background track distribution is

' aubtra,cted The 0. 60-MeV peak wag bypasecad by means of a amooth curve :

that joins the "anchoxr' point at 0.47 MeV with those at 0.86 and 0. 96 MeV.

At greater energies the curve was drawn in a monotonically decreasing

4‘ form as the smoothest curve consistent with the statistical error of the

points makiag up the track;enérgy distzibution.
Points along the smooth curve (at O.ﬂ-MeV intexrvals fram 0.4 to 1 MeV,

" at 0.2«MéeV intervals from 1 to 3 MeV, at 0:3-MeV intervals from 3 to 6 MeV,

and at 0. 4~MeV intervals beyoud 6 MeV) were used by a second computer

program "RECOIL DD" to ﬁn& the points of the neutron spectrum. RECOIL DD

" determines these latter points by succesaively fitting a second-order polynomial

curve to three adjdcent input values, and dlfferentiating the curve at the

. . » point of interest. . For inatance. if i(E) = a +bE + c:E2 is the polynomial

ﬁroba.bility of escape, and for short-track‘sar_npiing bias {A). The emooth

curve based on the input points at 0.4, 0. 5 and 0.6 MeV, then £(0.5)[0.5/0(0. 5)] '

_ ia the telative value of the neutron spectrwn at 0.5 MeV, if 0(0.5) is the .

' elaatic-séatterihg cross sevction for hﬂrogeﬁ at ‘0.5 MeV, -

&

Results
The distributions of track-length énargy‘in nuclear emulsions exposed

for a number of weeks at eight locztione in the vicinity of the Bevatron are

'presented in Figs. 2 through 9. The points are corrected for the geometric

" curve in each figure represents the basic recoil proton distribution after

' 'subtracting the background track distribution and after bypassing the
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- curve that was derived from the smooth .proton-enlergy curve by the

%' RECOIL DD method is also given in each figure.

Background track-ensrgy distributions from unexposed emulsions

o may be scen in Figs. 10 and 44. Thelr "lifetimes" were respectively
“ 6 weeks and 40 months between manufacture and development. Comparison

' .. of the _fwo reveals that the 4,25-MeV peak from alpha tracks grows at a

g " was no evidence of a .0.6-MéeV peak in the background emulslous.

The raw density of tracka and the denmty corrected for scanning bias

o "againat‘the 5« f.o 8~p tracks are presented in Table 2. (All densities are
.thvose in the ‘preprocéa;sod emulsion; they refer to tracks with length 5p

" or greater,) The estimates of the densities of the corrected N(n, p)C

.7 track nnd the a track are baaed on the areas A and B in the figures. The
el ' denaities per proton acceleratad by the Bevatron uux-xng the exposure period -

. are alao given.

- The Lhermal neutron ﬂux; and the msti neutron (0.7 to 20 MeV) ﬂ,ux}_

. 'per 101’2 acéele'tated protons have beén computed from the track densitieé.

- The latter is basedona (O’) of . 3.3 barns for the elastic collision of the fast

.-

AN ) iate" grsater than the proton recoil-track background (Smooth lines), There

neutrons with hydrogen. These vaiuca, plus their product with 4wr> (r is the

+ glant distance Srom the emulsion location to the center of the Bevatron) are

presented in Table 3.

e Estimates of the expected track densities in soft tissue from fast and

thermal neutrons, and the derived tisaue dose in prads per 1012 accelerated

pioton’s. are given in Table 4. The Values pertain to the expected dose at

T the 1ocation of the emulnions based on the measured tz'a.ck dcnai.ty and

energy distribution in the emulsiona {41).
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Methods of analysis

. Several methods that are indifferent to the direction of nsutron

éxposure are availabls for !vfsing proton recoil tracks in nuclear emulsion

- to measure fast neutron fluxes and enexrgy spectra (12). These methods

depend upon an accurate evaluation of the derivative of the proton recoil

energy spectrum at the bointé of interest. Such an evaluation requires a
preciaely determined track-length energy apectrum. and a suitable method
for differentiating it. - '

In practice. the best estimate of the pfoton-recoil apeétinm is one

based on a large random sample of tracks corrected for the escape

probability, the scanning bias, the N{n,p)C contribution, and the background.

Further, if necessary, the curve is bent to the theoretical requirement that |

" it shall decrease in value monétouically with increasing energy.

Finding a suitable method for differentiating the recoil spectrum has

proven as difficult as obtaining the spectrun itself, Attempts to generate

B analytical curves that closely fit recoil spectra, by use of various standard

o computer programs (including double precision matrix inversion). failed (43). '

. Roberts has used successfully the difference between successive equaily

apaced points {12). Although this method has the advantage of giving a

"direct estimate of the error in the ncutron 'spec'trum, {t can lead to oscillations

in the neutron spactrum which are not 'real,l but rather arise from the

o Bﬁatistical unc_ertainties‘inztha valuaes of the points ma.king' up the'pfoton |

gpectrum.

In this work there was no reason t¢ expect any but smooth and continuous

. stray neﬁtron spectra. The pcint of view was therefore taken that any curving

in the derived neutron spectra should reﬂect a 1oca1 trend in the proton

spectrum, not the random variationa between adjacent paints. For this. -

J

-
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" reason, the input points £or RECOXL DD were taken from the smoothed

AT proton recoil spectra. .

" Effect of synchrocyclotron operation’

Fum B-41 was located about 50 m from the relatively well-shislded

' eﬁchxocyclotron and at approximately the same elevation. There is no )
evidence of a track contribution .greater’than about 25% af the total in |
: ,this‘ film (Haee Table ’3).  Tb.e.'neutron ép;ecfrum ('Fig. -8) caﬁ be interpreted

‘- as a Bevatron stray neutron spectrum with a small superimposed peak |

" from the synchrbc)frclétrén at 6 MeV. There ie no evidence that this

. accelerator contributed a measurable fraction of the tracks in the other

filmsa, which were located well below it and at considerable distances from itso,

' The neutron fluxes and spectfa

The emulsions located where the &irect stray-neutron {ield of the

" . Bevatron reached them through the uaghizlded reof (B-zs. B-34, and B~39)

S i e s

: indicated the Bevatron stray fast neutron source strength tobe 3 to 7 times |
; as great as for the'other'poaitions. In Api*il of 1959, before the roofs of-

btha atraight (tangent) sections were shielded. the iast nm.*ron source strength

IR iy . was measured by use of indium foils in paraffin spheres inside cadmium boxes and
and found to be 1.8 neutron per acceleratad proton through the roof of the
‘ L NE quadra.nt (49). The tenfold 1owar'va1ue measured by the emulsiong reflects

the effect of the partial roof shielding, the fact that the indium foils measured

L intemediatée-energy neutrons to which the emulsions are Insensitive, and

anigotropic stray neutron emiseion stronger in the NE than in the SE or SW

. directions (15).

Every emulsion measured a thermal neutron flux that {ndicated a "source ’

'strength" of between 0.31 and 0.66 thermal neutron per'accalefateci proton.
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- The fast neut;ron flux from the emulsions not in line with the open roof of
the Bevatron was in each case very close to 0.4 the thermal neutron flux,
The emulsions located at a distance from the Bevatron ring measured
- fast-neutron npvect.n'.a cém;}osed of a broad peak between 0.5 and 2 MeV
- with a smooth drop of two orders of magnitude or more between 2 and 42 MeV.

The spectra measured inside the building housing the Bevatron fall away

" rapldly beyond i MeV. The surprising pezk at 14 MeV in film B-27 (Fig. 3)

‘ is completely unexplained. The data leave no doubt that it is real, however,
and it may reflect a contribution to the stray-neutron field from the nearby
YOoMerunear accelerator, which injects protons into the Bevatron.

There is no aimp}a aanalytical method for cvaluating the local uncertainty
in the neutron speétra. If it {5 assumed that the stray neutron spectra are
smooth and not compoaod of many sharp peaks, then the local uncertainty -
| .is roughly equal to the statistical uncertainty in the corresponding points
in the proton recoil distribution. This can be determined by allowing the
proton spectrum points to vary randomly v{vithin their statistical uncartainty-. |

| . limits—then redrawixig the smooth cuéve for differcntiation several times.

" . Past and future measurements

- The vﬁlue éf 1mpr9veinent§ in scé;nning’and analysis of nuclear emulsions
‘ini the‘apectrometry‘ and dosimetry of stray neutrons has been tested in
measuring ﬂ.elds from 2 plumnium-bs,.ynium source, from a bare pulsed
reactor, and from the Bevatron {8,44). It will be of interest to gompare. -
the spactra reported here with those deri?@;d from ernulsions expoée_d in éhe
" same locafigns. now that the xfecené total-roof shielding of thé Bevatron has

L

' been completed, Lo SRRPR
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|
The locai £ast'oncutron si»e_ctra at various locﬁ.tiona in and around
‘hum.a.n phantoms exposad 40 to 200 m from a bare pulsed reactor hav'c '
" been derived, and will be reported soon, as also will éo,me measi;rements; e
H .' of Be(a,n)C agoct‘ra.' ‘ ' . - ‘ | L v : "; |
Summary 'a’nd' Conclus i.o‘ns |
Nuclear track emulsion has been used to measure the stray ﬁst-neutron
ﬂuxes and spectra in the vicinity of the Bevatx‘on. The recent .,mprcvements .
in the apeed of track aca.xming, in track eampling, and in the analysis of |
. ré..ndom’tx_'lack-one_rgy}di_s’tributions have made such measurements possible . . :

/
on a semiroutine basis.

The general form of the stray néutron spectra mensurad between 0.7
-y ",' ’ a

: and 20 MeV at elght locations near the Bevatron was a broad peak in the region --

0.5 t0 2 Mev followed by a smooth 100-fold drop in value between the peak

" aad 12 MeV. Local departurss ircm this pattern, arising {rom the influence
- ( . t - of nearby smaller accelerators. were measured. ' ‘

. " Those em\dsi ons exposed in the dircct stray fleld through the open’ N
roof (SW quadrant) measured a fast-neutroa source strength of 0.14 to 0.24 :
,neutron per accelerated proton. The ‘;ralues for the more shlelded _locatioxw

- were between 0.028 and 0.066 neut:rou per accelerated proton. . The thermal L |

 neutron ''source strength" ‘was meaxsumd and found to be between 0.34 and

" 0.66 neutrons per ,a.ct:eieratad p_roton at:all locations. At the more shielded

""" locations the thermal neutron flux was sbout 10 times the fast neutron flux.
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Film
No.

- Table 1. Detaila of film exposure. .‘

- Dates of
exposure
_ (days)

c gt

' Exposﬁre

" Location
per lifetime .(Bldg. and Slant
- Room) - dist.

With respect to Bevatron center Accelerator operation

Angular elev.}‘l
(deg)

Azimuth No. Accel.

184-inch
cyclotron -
proton-beam-
on time
(days)

B-47

B-22
. B-25

B-27

B-28
B-31

B-29

B-40

B-44

. B-~43

2-8 to ;;:-8 :
2-8 to 3-8
z-éeosﬁa, 
. 2-81t0 3-8 B :'
B-ifi to 4-49
2-8 to 4519
2-8 to 4-19

. 2-8 to 4-19

0/307.; "
. o/da
1128/166 “"‘
| 28/160
" 28/160
: 28/160 
_‘36/52"
"ﬁ70/197}f
470/197_:l;1
70/497

70-224
54-ICR.
S‘Q-Mez;m
.ﬂjso-;39 '
.. Sﬁ.-Mezz
z9-20g§

80-CR

64-209

'113fﬁ_
3z
120

35
480

260

176

10.0

14.7

412.4
1.0

_‘5 :
fis\' |
a5
45

19

ERETI

36

36

-2bs .

22ETF-TEDN
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“Table 2, Track‘scé‘nning deta:ilé.

CEREIED TS =

e — i
S . Track derxsitya 8
) - per Beva proton
| (X 4012 cm"?)

,.._measuréd corrected proton N(n,p)C alpha proton N(n, p)C
S »recoil o recoil

.” " Film Size of’ =~ Track density® ()(10’-6 cm™>
" "No. track . . - 4- -
- sample

B
PN

. .“. ‘ B-i? " 434 .: ’ ‘- . w . “.L ., - . 6. - - o ‘- A h

4

0% Be22 0 2887 0,008 ' 0.008 7 0.004 - 0004 -7 ¢ .

B 25 "“' ' 2493;?'_.?"6;165 L0049 0.0 0.067  0.019 482 445

. Be21 4066 Czd REY DR W R 0.012 . 28 49
il Ba2g o3mas| s6 T 725 5T 45 0045 99 26
© 0 UBe3dt 4047 035 - 0445 0.31  0.088 0.047 54 1.5
o Base Tess o900 440 9.9 L4 (0.005) 447 465
L7 Bleo i 4293 ‘0245 0.295  G.46  0.415 0.048 - 445  0.83
Be41'- 4040 0475 - 0,205  0.43  0.060 0.046  0.95  0.43

U B-43 3938 . 0325 0.39 0.25 0.44 = 0,043  4.80  4.00

a. Refers to tracks 5 pt in length or gr_eater.‘:
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"'_- U Y R . I o . / . B .
PR R N R . A oot

%
PP

RN : .
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!

- . t
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% )

i -

RNl = R e S S T et o 1 ‘
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Table 3. Neutroa flux estimates.

Basedon Flux per 1012 Beva-protons . Source Strengt_h_,(liwrrzx Flux) -

Film No. (n cm-z) . Thermal : Fasta

' Thermal = Fasta‘ {n/Beva p) (n/Beva p)

Ba25 . 200 . 47 R Y TR ooz

B-27 3250 260 - o040 0.034

: B-28  ‘ w0 930 | 0,68 0.4

B 26000 50T 045 - 0.6

©.B-39 . 2800 | 430 - o042 o

. 'B-g0 440 .44 . o056 C0.044
 B-41 a 15 9 060 | 0,076

B-43 = 170 17 0.65 . 0.066

o " a. Refers to 0.7~ to 20-MeV neutrons only--based on {0) = 3.3 barns.’
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Table 4. Tissue dose estimates. 2

Density of dose per 1042 Bevanprotons

o .~ " Based on Proton N(n,p)C Ave. E° Proton. N(n,p)C Total % ‘
- Film No. recoil  density proton recoils (urad) (urad) n,p dose .

~ .

densx%y - (em=3) recoils -~ (prad)
(cm S (MeV) :

. B-25 - 34 047 175  .0.095 0.0045 0.10 4
B-27 . 52 .1 475 445 0.075 . 4.5 5
B-28 . 485 105 - 430 3.8 040 3.9 . 2.5

B34 . 40, . 064 475 0.28  0.006 0.29 2.0

B-39 -~ 270 67 430 55 0065 .56 4.2
B-40 . 2.4 . 0.34 . 4.60 _  0.054 0.003 0.057 - 5

B-44 - 4.8  0.475 475  0.050 0.0045 0.052 3
B-43 . 3.4 . 041 1.45  0.079 0.004 0.083 5

a. Refers to the dose at the exposure location of the emuléiofxs, from

‘p‘roton tracks with energy between 0.47 and 16 MeV.

——t v
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Figure Caﬁtiona

Fig. 4. Emulsion exposure locations. Hill Area, Lawrence Radiation

I...aborafory.

Fig. 2." Track-length energy distribution from emulsion 3;25. exposed
. 28 days"on a desk in Bldg. 70, Room 224, 413 m from the Bevatron.
" Ai peak f:ozh-nuclea*r n,p prétons;ﬁ B: peak {rom alpha particles;
Ci sx_noothed recoﬂ prdtoh speétruﬁ corrected iorlbbackground tracks
L at;d ‘B, p "p'rotc’ms; D: neutrom spécirﬁm derived from C." =
e: ¥outp‘\'xt ofUKECOII.; I; | A: points corrected for scanning bias against

short tracks.

- ‘Fi:g.__3. frrack-length energy distribution from emulsion B-Z‘f._ exposed
| 28 days on a desk in the Bevatron Injector control room, 32 m from
. the éeﬁt_er éi the Bévatroz;. : | |
| A: péak from nuclear n,p protons; B peak from é.lpha particles;
C: smoothed recoil pr’dtoq spectrum. cox;z_'ected.for background tracks
‘ and n,p protons; D: neutron specﬂ:r\ﬁn derived from C. E

®: output of RECOIL I; A: points corrected for scénnihg bias against‘

gshort tracks .‘ A

Fig. 4, Track-length energy distribution from emulsion B-28, exposed
28 days on a window in the Bevatron mezzanine, 35 m from the center
of the Bevatron, | |

-~ A: peak from nuclear n,p pr@toﬁs; B: peak fromba;lpha particles;

| C: smoo&ed recoil proton spectrum 'corrected'f.olr background tracks
‘apd n,p protons; D: neutron spectrum derived from C.
S: éutput of RECOIL.I; A poinfm corrected for scanning bias against

short tracks.



o st

pon -

o et e

R R "and n,p protons; D neutron spectrum derived from C.
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t

' " "_Fig. 5. Track-length en_eréy diétribution‘ from emulsion B-34, exposed

. 28 days on a window in Bldg. 50, Room 239, 420 m from the Bevatron.

e i . Ai .peak.from nuclear 'n'.p protons; B: peak from alpha particles;

tii . C amoothed recoil pfoton apectrum corrected for background tracks

i
T

. output of RECOIL I A points corrected for scanning bias against

‘

short tracks. ',

o
. i . Fig. 6 Track-length energy distribution from emulsion B-39, exposed
| 36 days on & window in the Bevatron mezzanine. 35 m from the centar
i of the Bevatron.
e ;A;, peak {rom ngclear n,p protons; B peak fr‘ém' alpha particles;
‘j\ N :'C: ?mootl;ed recoil proton spectrum corrected for background tracks
" and n:.p protons; D: neutron spectrum derived from C.

S @: output of RECOIL I; 4A: points coxrectga for scanning bias against

.._\.;:‘_‘:__ B 3}:;ort.tricks. : "/ : |
o T Fige T Track-lengﬁz energy distribution from einulsion B-40, exposed
T days.on a window in Bldg. 29, Room 201, 180 m from the Bevatron.
. . A: peak from nuclear n,p protons; B: Peak from alpha particles.
| ‘ C: smoqthe,d rgcoil proton spectrum c_:orrgcted for background tracks '

and n,p protons; D: neutron spectrum derived from C.

O outpixt of RECOIL I, A: points corrected for scanning biaa,agamét

5 ’ ... - short tracks.

' Fig. 8. Traék-length energy distribution from emulsion B-41, exposed

70 days on a deex irn the Bldg. 80 control room, 260 m from the Bavatron. o

A: peak from nuclear n,p protous; B: peak from alpha particles,
C: smoothed recoil proton gpectrum corrected for background tracks

and n,p protons; D: neutron spectrum derived from C. -

@: output of RECOIL I; A: points corrected for:scanning bias Aagains;
- short tracks. '
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. Fig. 9; Track-length energy distribution from emulsion B-43; exposed

70 days on a window in Bldg. €4, Room 209, 176 m from the Bevatron: '

A: peak from nuclear ﬁ.p ‘protons; B: peak from aipha particles;
C: smoothed recoil proton spectrum Gorrected for background tracks

. and n,;p pi‘otdns: D: neyﬁron spec%ru?n derived from C. | v
©: output of RECQIL I';' A: polats Qcorrected for scanning bias égainst
sho{t tracks. o s ' | ' '

: F'ig.' ‘10 ' Background trackélénge}; ;nergy ciiéfributiori from unexposed
| err;glaiop' B-22. vDevlelopeci 6 weeks after manufacture;

- - Bi peaic from alpha particles. . | -

Fig: 14, Background track-length energy &istribx_ition from unexposed |

emulsion 'B.-i?, Davelop.ed 10 mths after manufacture.

‘Bi peak from alpha particles.
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This report was prepared as an ‘account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of),
or for damages resulting from the use of any infor-

mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.’








