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i6 arder obin moncohiomstis ghtos cayd of Wigh ioteaadty and well eolllmated,

aevaral targute are used §n srder to cover the vhnze froc 4 to 10 Ha¥.

I = IKTROTMICTTNN

Yhetoenuclcar reactions have been studied in recent
vears through the use of garma radiation obtained from varicus
sources. Anongst those sources, special reference is made to the
use of monochromatic gamma-rvavs cobtained from elither natwral or
artificial radiocactive sources, from charged parcticles capture
radigtion, aomihilarion of positrons in flight or from continuous
Bremsstrahlung radiationm produced in betatrons and synchrotrons;
the obtained radiation, in each case, presents some advantages or
disadvantages, wher compared with €ach other, in important
characteristics such az intensity, eperpy, wideh of the line gnd

collimation, as will be inferred From the following considerations.,

Tre pamma radiation emitted by radigactive sources are
moncchromatic and thoir intensity depepds only on the strength of
the source: although the lime width is small, rhe available
energies arc small and their uge for photodesintegration studies
is restricred to those nuclel whose neutron binding enerpgy  1is
gmaller than the gamma-rav energies available.

The capture pamma radiation from charged particles

S
16 and Li (p,v}BeE 15 monochromalbie

reaccions, such as Flgtp,u,v}ﬂ
and energies un to abpur 20 eV are availahle; since however their
Intensity is low, it hecomes very difficult to obtain well sollimak
ed heams of adequate intensity - even when the distances between

the source and the target arc of the arvder of 30 cm.

Host of the studies on the nuclear photoeffect have
been made with the continucows Bremsstrahlung spectrum from

betatrons. Although the eneruy of the electrons accelerated in



those machines can be konown with a hipgh Jdegree of precision, the
shoton energy distribution in the econtinuous specryum cannet be
easlly decomposed in energy bands of a sefficiently parrow width
in order to allow a nregise knowledpe of che pumber of phatans
in those coergy intervals., To this ddifiealty, which arises

from the Fenics width of the tarvees wied Tor ohe iremsstrablun
f e

prodaction anether factor, doc .0 vhe s, o+ 0 che speckrum
wigcih o shows o relatlvely small nushier of pbes - gy near to the tip
of the spoeacrum as compared with eve lavic - - -0 0f quanta in

the low euerey replons: conseguently, the cosivs:s of the obsery
ed cxperimental data Is tediows and rather complex. The procedures
uded o sort oul the relevant cross-sections froo Che observed
excitation functions inwo™v &-z3ll differences cerfween large
numbeérs - a procedure which: gives rise tn rather larpe uncertain—

ties and to errors which are often diffienlt to be estimated.

In the late years the use of gamma-ravs trom  the
annibilatien af pesitrons in flipht become widely wscd  and the
available cnorgies reach wvalues of several kems of MeV. Positrons
arc ohtalned throngh the pair production in @ heavy tarpget bombard-
ad by Hremsstrahlmyg radiation at the center of a two-stape linear

acceleratar.

The obtained pogsitrons are further accelerated and
sclected by a mapnetic analvzer. The positron beam thus obtained,
impinges on a thin target of a low atomnic number material and are
annihiilated in flight with the tareet electrons. A beam of
monochromat ie gamma-ravs is thus obrained with a continuously
variable enerpyv, which ecan be ohrained through 2 variation of che

positron enersies.

The main disadvantapes of such a2 =ystem are its low

inlensity and the existence of 8 Bremsstvahlung backgrouod.

The last method referred to above resuires a stronp

thermal neutron Fluxr, such as produced by a reactor, and was

il L. P A N |



installed in one of the IEAR-]1 swimming pool reactor beam through

tubes,

Monochromatic gpamma-raws are produced by thermal neutron
capture in several subgtances used as targets and located near to
the center of the Leam tube, where they face the reactor ¢ore and
are submitted to a4 strong neutron flux. In this way it is pessihkle
to obtain a high intensiey pamma-radiation under low backpground

and excellent collimztion.

The gamma-radiation emlitted by nuclei which have capiur—
ead nmeutrons is limited to a narrow energy range {(hetween 4 and 11
MeV¥): it is fortunate that the threshelds fer several important
reactions lay in thiz energy loterval so that several phenomena

af interest can bs studled.

IT — EXPERIMENTAL ARBANCEMENT

The collimator was Installed in the upper through Eube
of .he LEAR-1 reactor, as shown in fipure 1. A through tube
(transversal Ilrradiatlon channel)} was cheosen in order to aveld the
high gamma-tray and fast pceutren background from the radial tubes
which "see'' the core; besides, the pperatiens of loading and unload
ing targets are considerably simplifled since they can bBe carried

out withgut disturbing the ecollimators and detecting equipment.

The thermal neutron distribution along the length of
the tube was measured wilth gold foils in order to find out the
position of maximum flux to locate the tarpet. The thermal flux at
the hest position is (3.671 I 0.077 x 1911 nEutrunsf:mEFEeci ar =a
nominal power of 2 MW. All the main details of the flux weasure-

ments are presented In Appendix 1.

There is 2 definite advantage of placing the targst at
“he penter of the tube and getting the pama-ray beam a2t its end,

instead of collimating a neutron beam throwgh the irradliation tobe



med latking it impinpe on the target: in the first case, besides
‘he elimination of the gamma-rays From the core and of the back-
ground due to rthelr scattering, there i= a met advantape in

collimating the bearn throush 4 m of distance.

The distance between the tarpet and the firsc eollimator

Tesults from o compromise of several factors such as the maximum
wveight which can he placed at the conter of the through tohe, the
croblems of gamma-rayv neatdng of rhe target and the background
produced by neutron irradiation of the collimstsrs. The determina—
tion of the distance hetween the target and eccllimator, length of
the cocllimator, diameter of the svurce and of the collimater were
calculated taking into account the collimator tramsmisslon.  BSuch

calculations wetre mode for several parameters of i1nkerest.

The collimator finallwy used is 4 m long and has =
diameter of 5 cm. Filters of horic agid mixed with parafiin and
rlastic and baric apid remove both the fast and the thermal neutrons
making their hackgrownd Tow enough in order not bto discurk the

cxperiments.

The length and the location of the filters of paraffin
hdxed_with boric acid and plascic mixed with boric acid were
determined experimentally. The fotal backpround of both  thermal
and fast neurrons outside the channel was measured throueh a
physical integration in a manganese sulphate selutiom and  1ts
absolute activity was vhrained by Intercalibration. This back-
ground L[5 smaller than &00 nmezfspc which iz the sensitivity of

measurement {Appendix II).

In order to maintain the reproductibility of the positiom
of the e¢gllimators, wood Spacers were used., Outslde the reactor
higlagical shield, the eolllimakor shield shows an increase  in
diameter in order to avwoild radiation chanueline hetween the

through tube and the collimator plug.



About 10 different targets can be used (Table I} if the
chajee eriterion used is that the tarpets should show one gamma
line of a higher intensity than the other {lines) and that che
separation hetween them is at least 0.3 MeV; besides, the tarpets

shiould present a lew scattering cross section.

Tt Iim gquite obvious from the presenting remarks that
the spectra used are not rigovously moneenergetic, The gamma tTarys
of smzller energy than the rmaln line contribute as a background
but when their enerpgy is well helow the main line thelr effect can
be either discriminated experimentally cor through the threshold of

the process undet study.

The reactor backeground, that is, the pamma rays doe to
the fiassion products, to the fission precess itself, to the capture
and activation of structural materials or even of the target
gcbkivation, become impartant for energies beloew about 3 MeV as can

be zeen from fipure 7.

In arder to avoid the contribution of pamma radiation
from the {ncutron, samma} procese in the aluminium tube which
surrounds the collimator (throuph tube) the collimator angle was
chosen in such a way chat only points from this tube sirtuated far

away from the collimator port are “seen',

A special care was also taken to avold the presence of
any material around the tarpet that might give rise to undesirable
nentron or gamma backpround. Inm this way it was possible to obtain
g high ratin between the intensity of the gamma lines of Interest

and the Sackground.

The tarpcts are placed at a sultable position, without
disturbing the collimatnr arranpement, by means of a simple dewvice
whichk {is Introduced in the through tube threwgh its opening
apposite to the collimatar pert. The samples used welght berween

1 and ? kilegrams; powdery or small pieces of target material are



paciked inside a mapnesium container, whenever o solid sample

mevndium o tAadoning in L

nit available. The advantarss o ceding oomn
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ndar thoso asseaptions,  one ol Wwrice:

& 5 = & —— o —— Y nhaTiatadEn

2
whare 5 = 19,63 om | d:u P2 the meutron £lux, Nn is the Avcpadre’s

numher, & is the mass number of the target, p fis the density of

the tarpet, o iw the absurptiom cross sevtion, (0 is whe collimater
A

v

transmisslon and 3 is the faclor of ahsorption in boric acid aond

paraffin (B0X absorprion).

L [
¢, =07 x pist =

] f
Tha vbrpined results ave presented in Tabre T3

The enerpies availashie from the favpgees ased see Poowes
a Y
i H

wlth precision: tabulaved data was aned ™7 L
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The alignement of the collimators was checked by mean
of pamma radiography from the beam, by inserting at the collimator
port end, a small ceollimator, made of concentric cylinders of lead
and aluminium, with 3 total leogth of 15 em. The diameter of the
ocutermost cvlinder was 5 cm. since aluminium has a smaller absaorp-
tion ceefiicient than lead, concentric rings, alternatively black
and white, are cohtained under pamma-~rays: a measurement of rhe
optical density provides the iequired information for a perfect

allpnement (fipure 3}.

The shape of the beam can be crudely estimated by using
a NaI{Tl) 2" % 2" secintillater provided with a 1/8" diameter
collimatar and displacing it transversally to the beam. The obtain-

ed curve iz represented in figure 4.

The spectra and the Intensitie=z of the lines were
determined with a ¥aI(T1} 3" %= 3" gamma-vay scintillation crystal
coupled ta a TMD 1024 channel apzlvser. The crvystal coupled to
the photomultiplier tube is installed inside a lead shield in
order teo e¢liminate the contribution of the room background and the
gamma-rays fram the target which could be scatterad, The detalls

of the arrangement are represented in figure 5.

The cullimator uwzsed for that purpose is 20 om long and
presents 3 diameter of 1/4" in order that the gamma-ray beam will
impinge on the central region of the cryscal; with this precaution,
the resclution is improved since the probability of escape
decreases. In order to avold the zcattering of the gzoma radiation
by the cellimater in order to assure that only gamma-rays parallel
to the collimator axis will reach the crystal, special care was
taken in the alignement of beth the ocutside beam collimator and
the crystal collimator. Besides aligning those collimaktors
geometrfcaliy, special care was taken to assure that the tarpget
was properly aligned in order that the maxitum pamma-ray inktensity

wonld be obtaioed.



The intensiries of the lires corresponding to the
targets uwsed were computed from the areas under the total absorp-

tinn pegks whose shape was assumcid as ganssian,

The photopezk efficiency, that iz, the ratic of the
area under the photopeak and the ares corresponding ta the whole

3

response af the svstom is obialned by a Monte tlavlo process .

In thiz process of cowmpucation, the history of + photon
" of all ies secondary radiacions is =7sul -+, Far -~ub
incident gamma-rvay, the total auantity of eoccgy whieh 13 cosorp-
ed by the crystal Is compoted and a pulse is registered in the

channel correspording to that energy.

The detalls af the intenaity determination using the

“onte farlc process will be published shortly.

Figure & shows the spectrum cobtained with a nickel
target, where the principal line and the escape peaks and cther
additional lines are veadily ocbservable. An approximate ealenla-
tion of the intensitv of the nickel pamma-ravs gives a value of
6.10° phntunSKszfsec, in good agreement with the calculated

wvalues.

In order to avoid the wvariation of the gamma-ray
intensity with any fluctuarien of the reacteor power, 2 monitor
was ueed all the pime; the monmitor wsed was a HF‘3 counter {"micro
neutren')y inocraduced in a cthrough tube which is guite eclose to

the Leam tube which contains cho tarpet,
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TABLE

1

Targets E Enerpy {42V} @, } {barn} | a a/f Us?

5i2® 3.54 9.6 x 107 6.9 x 107
4.93 12 8.4

nga 3.92 3.2 2.7

ﬂlz 4.95 0.26 0.43

532 2.43 3l 19

YEQ 5.07 59 15

Caan 642 17.5 8.0

?iag 6.75 238 100

Heg 6,82 0.75 1.9

pp207 7.38 15.8 1%

Feﬁﬁ 7.0h 7E 24

;ﬂ-.lz!:r 7.73 4.8 3.7

NiEB 9.00 119 43

CrSa 9.72 11.5 6.7

Nla 10.83 0.88 1.3

€ is the tnumber of photens correspending to 100 peutreons

capturad

{2)




TABLE

Elements nalh ¢ ¥ INGE $ viMG ¢y /M | M [grams}
] — |
| ct? 2.16 x 107 | 2.41 x 10° 14,82 x 10% 18,25 x 107% " 3,07 {1,230 x 107
i e’ ez x 107|928 x 10° 1imss x10° .45 107 1,57 x 10 | 7.20 % 10°
532 1ﬂ.9? x 1077 |1.08 10% Iz.la x 107 [9.75 x 1078 2,11 x 107 | 5.00 x 16°
pe 2?7t 762 x 107 1sso x 10% | 1,699 x10% ' 9.75 % 1070 | 1,66 % 10 | 1.000 %107
POl 1.3 x 1070 | 1.51 x 107 | 3,02 x 107 [ 8,40 x 1070 | 2,54 x 1n2| 2,700 x 167
a2 l1sex 1077 1,98 2 107 | 3.96 x 10% | 7095 x 1077 315 « 10 2.720 x10°
kit 2.05 % 1077 {2.29 108 [ 4.57 x 107 [ 8.75 x 1078 | 4.00 x 107 1.500 x10°
e 2,87 x 1077 | 3.20 107 | 6,40 % 10° | 2.75 1n‘6| 6.24 % 10 !l.ﬂﬂﬂ x10°
i 6.29 x 107 i?.Dl 10% | 1,403 x10° | 8.25 10'“§ 1,16 % 10 } &8.08 % 10°
7148 6.95 x 1072 {5.52 x 10° | 1,106 x10° | 2.8 10'6f 9,71 x 10° !1.000 x10°




. —— 300 T 40—
COMCRETY 4
1 4]
y
AL WO f T
. Bt 24
' < I
o ._..|_-{._._._£._ -".Ig_,
— g T T
: - AR
BTN L
[V _
b
CARQEO
ARRANJO EXPERIMENTAL PARA
. COLMACAO DA RADIAGCAD aama
B msuuTo PLASTICO ¢/ BORO
LT CHUMBO (F;77) PARAFINA C/BORO CORTE LOMGITUDIMAL
Fl] MADEIRA ESC. 1:20 MEDIDAY EN om.

Filgure 1



INTEWSIDADE

'.'5'!'

L
—

3

—=

EMEFRGIA +m Wr.

Mepurs 2




Maure 3



Figure 4 - Beam Profille



ti 2

L

o
b

CHUMBD

40

[P 2 S—

——

E o

e A
\.x\\'\ LR IL\\\_""' \"":- P
;H* “QS;"“ DI Ty
by v - e
h&%\\x\\\ T A -.E
K e e
] \\\\.Q"‘-‘\Q \""ﬂxl
=

i ..*-1\-\\\‘-'\:\\\_;1

[ A
..-:SC‘ b ot x‘-\:
R

AR -u-.\. '\\""‘l
5 \\.\'\.\ et
T e e
W W
L o o AL T
™ \'\-.\.‘s\-\\ \‘\'\-\\.

[

\\.*-\ ul\

A N
R

N
\Q kq.\'&\\'g.\ W

s

ol

AL

\\. \"\

i

£
Aot "'

a b
m e
R

FOTOMULT

_ ¢/ CRI

LT
3T

IPLICADO R A
AL 3"a 3

.

BT S A A el ] r
o ﬁ\'e PRt o
-4
~ '\.'\‘ ~ x'\u"\- g
PR R M T 3
-

ARRANJO EXPERIMEKTAL DO
SISTEMA DEf DETEGAO

CORTE

LOMGITUDINAL

ESC 110

MEDIOAS EM ¢m,

Flgure 5



T
Fo T

Figure 6 - Spectrum of a nlckel target with a Hal F"xi" orystal



. 18 .

APPENDIX T

In order to determince the thermal mevtron flux in
different posirions inside the through tube, thin gold foils
werad Irradiated; those measursments were made both with naked

and with cadmium covered foils.

SOURCE
dal
CEISTAL
3 x 3”
.M.
1.4,
FRE - AMP |
1024
MOLTICHANEL
AMALYSER




1% ,

The thickoess of the gold foils osed was of 0.1 mm wice
a mass of % mg considered to be Lufficrentlv small to  avold an.
distoerion of the flox dizceibucion in the region of the measure-

metal

The absoluabe scievitye of those foils was determined hy
mEAans o. The pendedure whitn makes use of a NaI{Tl) scintillacion
cryatal whese puelo:: were analvsed with a 1024 channel ana:vser
i 9

In gedsy 1o have a crystal response which could he
compared with irs thearetical respanse, the source was sitwvated
at a sufficiently large distance from the crystal in order that
it could be considered s a polnt souwrce aned to avoid pamma-tay

sealtering on che scinctillation crvstal shield,

The absclutae activity is ohrtained throough integration
of the cownts wnder the &11 keV photopeak, which was estimated as
(4)

a gavssian curve, and by raking inte account the total

efficiency K{E).

E—u{E} L.

Ki{E} = p{E) & (1 — )

whe e

(1l - El”tE} L} iz the crystal intringic efficiency

G, tho gepmefric cefficiency

ptEY, the phoroftraction, that {s, the ratio between the
numbher of pulses due to the totzl absorption of
the photons of enecgy E and the total number of
pulses due o the photons of encrgy E, The photo-

peak can be represented by the {lauszsian,

2
fx - RGJ

Y =1..I'D a __h— {]}

TR N S T
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z
(x - =)
lﬂg}"=lﬂg}'o'—"—b‘—“""—"

Putting log ¥, = A and -1/t = B, we have
2
log vy = A2+ B (x - xD} (2

which 15 a sctraigh line of log v against {x - xn}z.

The parazeters 4 and B from the stright line {2} can be

determined cthrough & least squares method

BEx) fx - 33°  E afx 1o nlx)

,A::E — -~ > -
Enm Eu(x) (x-0" - [0 (x- %]
CIn(x) (% - %2 el (x - ©° 1n n(x) i

Ing I agd (x - 0 -[F 0l (x - 020

p LI EaGy 1an( (x - %) i

o) T ni(x) {(x - E}ﬂ - IE-H{K} {x - EJE:]E

La(x) (x - ®° I n() In alx
- - — =7
Dot Zat) (c-0° - L a0 x - 92

where x  Tepresents the channel order and ni{=xY the total counts

h
corresponding to the x" chanpel.

By integrating the equation {1} from -+~ to += _, one

obtaing




21

where Y = Np is the number of integrated counls
LI - . _ .
i = & -‘~ —— , where D iz negative (33

L

Stace % 15 piven by .ha equation (3}, knowing .ne

cadmium ratioc and ne efficiency, one can writo:

= - -—!-P-- = =
Aithout €d - s " RiES 20 Aiin g T A=A
A - A
. 5 |-

[n ocrder to check op this neutrorn flux determination,
the absclute activity of the pold folls was also dekerminced by
the defined aclid angle method with Geiper Muller gcounter and,

tndependently, by beta-gomma cDincidences{Ej.

The newtron flux zc obtzained was 3.73 x 1G11 nfcmzfscc

being In well agreement with the other walue.



APPFENDIX TT

In aorder to determine the number of fast and slow

neutrons, an intercalibration, as described below, was made.

About 50 mg of manganese sulphate was irradiated In a
neutrron beam of known flux; since its mass is small, it could be
considered as a point source Itsg absolute activity dus to HDEE
(2,58 hour half-life} was measured considering the 850 KeV
photopeak as a Gaussian and asing ehe phoetepeak efficiency and

the total efficiency from the tables 7.

This manpaneze zulphate sample was dissolved In one
Iiter of HESD& and the scintillation crystal was immersed in the
golution under a repraductible reotetrical arranpgenent; the

crystal efficiency was determined In these cenditions.

To determine the neutren background contaminatien of
the gamma-ray beam, 60 g of manganese sulphate, disselved in one

liter of HESD&’ were Irradiated in the pamma-ray beam.

The solutlem was kept In a plastic contaiper Inside a
paraffin layer with the purpose of Incraasing the detection
efficlency. The whole system was shielded agalnst pneutrons from
the counting room by means of sultable boarated paraffin and

cadmium.

The activity of this manganese sulphate solution was
measured in the sarme copditlons as stated above; sinee the
efficliency of the system was known, the activity due to the
inecident neutrons was measured and the correspondlng btotal neutron

flux evaluared,
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