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SUMARIO 

O trabalho descreve um "telescópio" simplificado de 

recuo de protons, de resolução relativamente boa e eficiência 

suficientemente alta para medidas em feixes de reatores com flu 

xos da ordem de 10^ n/cm^/seg. A boa resolução è conseguida com 

o uso de radiadores finos de polietileno e pequeno ângulo sól¿ 

do de detecção» A discriminação contra a radiação de ñmdo, usu 

almente provida por medidas em coincidência, é neste caso par 

cialmente conseguida por uma disposição adequada dos vários com 

ponentes da câmara de recuo. As principais características da 

câmara sãos a) tamanho grande, para evitar espalhamento pelas 

paredesI b) detetor de protons cintilador de Csl(Tl), localiza 

do fora do feixe do reator| c) operação em vácuo} d) colimador 

de protons e blindagem do detetor feitos com material de alto 

número atômico. 

Na faixa de energias que vai de 2 a 12 Mev , a efi_ 

ciência de detecção varia de lO^^ a 10"^ e a resolução intrín 



seca da cámara e da ordem de 8 ^ . 

2 3 5 

Espectros dos neutrons de fissao do U , transmit^ 

dos através de varios materiais, foram obtidos num dos canais, 

experimentais do reator de piscina do I.E . A 0 , operando a uma 

potência de 2 Mw, Os resultados obtidos concordam com previ_ 

soes teóricas, dados sobre secçoes de choque,e determinações 

experimentais realizadas em outros reatores de piscina, 

RÉSUMÉ 

Un télescope simplifié à recul de protons a été de 

veloppé dans notre laboratoire 5 cet appareil présente xine rés£ 

lution relativement bonne,avec une efficience suffisamment é]£ 

vée pour effectuer des mesures avec le flux d'un réacteur de 

l'ordre de 1 0 ^ neutrons/cm^/see» Une bonne résolution est ajb 

teinte par l'emploi de fins radiateurs à polyethylene, dans 

un petit angle solide de détection. On réussit à la discrimi 

nation contre le bruit de fond, que est habituellement faite 

par des mesures de coincidence,en ayant projecté convenable

ment les différents composants de la chambre à recul«Les prin 

cipales caractéristiques de la chambre sont s a)grandes dimen 

sions afin d'éviter diffusion sur les murs; b)détecteur de 

protons (un scintillateur à C'sl (T 1 ) ) localisé hors du fais_ 

ceau du réacteur? c) opération en vide; d) collimateur de 

protons et blindage du détecteur construits avec un matériau 

de haut ntunéro atomique. 

Dans la bande d'énergies de 2 à 1 2 Mev,l'efficience 

de détection varie de 1 0 ^ à 1 0 " 7 et la résolution intrinsèque 

est de l'ordre de 8%. 



Des spectres de neutrons de fission du U^^^^ trans
mis à travers de différents matériaux, ont été obtenus à l'un 
des canaux expérimentaux du réacteur type piscine de l'I»E«Ao 
en opérant à la puissance de 2 Iw. Les résultats obtenus sont 
en accord avec les prévisions théoriques, avec les valeurs des 
sections efficaces, et avec les déterminations expérimentales 
réalisées dans d'autres réacteurs type piscine. 

SUMMARY 

A simplified proton recoil "telescope" was developed 
which presents relatively good resolution with an efficiency 
high enough for measxirements in reactor beams whose fluxes are 
of the order of lO^n/cm^/sec. Good resolution is achieved by 
the use of thin polyethylene radiators and small detection sol_ 
id angle. Background discrimination, usually provided by coin 
cidence measurements, is here attained by a careful design of 
the recoil chamber. The principal features of the chamber ares 
a) large size, in order to avoid wall scattering; b) proton 
detector, a Gsl (Tl) scintillator, located out of the reactor 
beam; c) operation in vacutun, providing a free path for the 
recoil protons from radiator to detector; d) detector colli^ 
mator and shield made with high Z material. 

At neutron energies ranging from 2 to 1 2 Mev the de, 
tection efficiency varies from 10"^^© 1 0 ° 7 and the chamber in 
trinsic resolution is of the order of Qfo, 

Spectra of fission neutrons from transmitted 
through various materials, were obtained at the "Institute de 



Energía Atómica" swlmüPiing pool reactor operating at a power of 

2 Mwo The results are in close agreement with theoretical pre_ 

dictions, cross section data, and experimental determinations 

performed in similar reactors. 

imOBÜGTIOU 

A proton recoil telescope consists essentially ©f a. 

thin polyethylene radiator followed by one or two proportional 

counters and a scintillation detector in which recoil protons 

lose almost all their énergies» Only pulses from the scintilla 

tion detector in coincidence with similar events in all proper 

tional counters are recorded. The operation of such telescopes 

and the electronic equiprnent involved are quite cumbersome.. A 

simplified version, where the proportional counters were eliœl 

nated, designed for the measurement of monoenergetic neutron 

yields have been described in the literature(l). This inatBu-

ment has a relatively high efficiency but a poor energy résolu 

tion due to the wide angle of detection.For the measurement of 

continuous fast neutron spectra in high intensity collimated 

reactor beams we have developed a lower efficiency simplified 

telescope with a small solid angle of detection and,therefore, 

presenting a better energy resolution. 

BESGRIFTIOK OF APPARATUS 

A polyethylene radiator, a Csl(Tl) thin crystal and, 

eventually, an aluminum absorber are located inside a cylindrl 

cal vacuum chamber 30 cm high and 40 em in diameter. The angle 

between the direction of the incident beam and the line from 

the center of the radiator to the center of the detector is 



equal to 20^0 With a reasonable collimation,the scintillation 
detector is not affected by the transmitted beamoThe chamber 
is provided with thin aluminum windows for the entrance and 
exit of the incident beam, A proton collimator consisting of 
spaced perforated lead disks, 1mm thick,minimizes charge par 
tide background. Gamma radiation is attenuated by a bismuth 
filter located inside the reactor collimator and by a lead 
shield around the detector. The contribution of gamma^ray 
pulses to the background is important for proton energies be, 
low ~ 2 , 5 Mev for a Oc45mm thick crystal, and below ~ $> Mev 
for a 0 , 9 5 mm thick crystal,The reactor thermal neutron flux 
is reduced by a cadmium filter. Proton scattering and undesi^ 
rable energy losses in the air of the chamber are minimized 
by operation in a vacuum better than 5™ioHg<. Wall scattering 
is avoided by a good collimation and by the large size of 
the chamber. 

The response of Csl(Tl) to charged particles have 
been studied by several experimenters ( 2 ) , as well as the en 
ergy loss in very thin crystals (3)<>Por the measvirements pre_ 
sented in this paper we used either a 0«45 mm or a 0»93 nim 
thick crystal, mounted directly on a Diamond 6292 photomulti, 
plier with silicone grease. Polyethylene foils 1 , 6 5 mg/cm , 
2 , 1 1 mg/cm^ and 2 3 , 1 5 mg/cm^ were used as radiators,All data 
were collected in a 256-channei pulse high analysers The count 
ing system was calibrated with alpha particles from Po^^^ , 

. 2 1 2 2 1 2 

®i and Po , Prom these data and from the known relative 
response of C S I ( T I ) to alphas and protons of various erergies 
a proton calibration curve can be constructedo 



6 , 

The average solid angle of detection is eqiual to 

2¿24xlO""^ stéradian» With this solid angle, the chfia;b#r effi 

ciency at a given neutron energy can be evaluated by the ex 

pression.i. 

£ ( E ) = 8 , 9 4 X 1 0 ^ 9 ^ (E) t, 

^ n,p 

where 0̂  ^ ( E) is the hydrogen n-p scattering cross section 

2 

m em'̂  for neutrons of energy E , and t is thickness of the 

polyethylene foil in cm. For thin radiators the efficiency 

varies from lO"^ 1 0 " ^ . 

The intrinsic resolution that depends essentially 

on the radiator thickness and on uncertainties of the scat, 

tering angle is of the order of 8^«The overall resolution is 

somewhat poorer due mainly to crystal and photomultiplier con 

tributions, 

MEASliREMENTS ANB RESULTS 

Fast neutron spectra were measured at the exit of 

a beam-hole at the IEAR -1 5 Iw swimming reactor ( 4 ) « Fast neu 

trons leaking through beam-holes of pool reactors were fouad 

to have a fission-like spectrum. Nevertheless, the présense of 

water and other materials and the collimation of the beam in 

troduce distortions in the fission spectrum when measured out 

side the reactor shield ( 5 ) » Such distortions are also pre 

dieted in theoretical studies related to a fission point 

source in water ( 6 ) , 

Neutron spectra can be deduced from proton energy 
2 

distributions through the relation Ep=En OOB 9, where 9 is 

the scattering angle in the laboratory system of coordinates. 



Measurements were performed with two reactor core 
configurations, one with and the other one without a granite 

reflector.The proton recoil chamber was situated in front of 
the beam-port n^ 7 (fig.l). The collimator consists of two 

aluminum concentric pipes, the space between -them being ftliled 
w4th eonerete at the reactor shield and with water at the fool. 
In 2 /5 of its total length(5«30 m ) , measured from the core, 
the hole has a diameter of 2 inches and in the last l/j this 
diameter is reduced to 1cm by a polyesther plus boron second 
ary collimator, as shown in fig. 1 . 

C O N C R E T E 

METERS 

FIGURE_1 
Experimental arrangement at beam-hole nO? for the 

measurement of fast neutron spectra. 
J= thin aluminum windows, R= polyethylene radiattaj 

C= CSI(TI)•crystal^ F= photomultiplier and-pre^amplifier. 



8 . . 

„ • /fi'th^iUjt the': gr.aph.ite; refle.eto,r;, jbke ,f̂^̂^̂  neatrems 
t-rav̂ .me/,, a^D.OjUt- 12 em. of; :W::ate,r in. the., posl,,., 7«5«em.- OiffciMismuithii 
Item) lOf ̂ alitminpai; ...̂^ of cadmiiim :h.ef.©ir,e re'^phing-^, the 
ehamher p̂ oly ethylene radiator;, - With.; the graphite. pe.fl,ee;to«rj ̂  
aib.©jit lA'#m :@f jTsiâ feer is replaeed by parbon,.,Figaros ĵand,.; J,; 
s3gi#r ifchie :i^*sipid>SMeb2bai.ngdr with^.tke: two. M.ii&3^kmkf0^s^^&^ 
m.entso The valley at. afeout J,7• ley, pa^esented. in,,earyie of fig* 
2..is probably due to the broad peaks of the oxygen .and.btemutia 
tot,a,l, cross, seetions for neutrons at this. energyo.The: hydroi^ 
gen cross section tends to lower the fission spectruffl.'as pne 
goes in the sense of decreasing neutron energies,The fluetua 
tions suggested by the curve of fig,5 are probably caused by 
graphite and bismuth. 
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-hole n2 7» leactor core without a graphite reflector,' 
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FIGPBA 5 
Past neutron spectrum measured at the exit of beam-

-hole n2 7o Reactor core with graphite reflector. 

COKCLÜSIOH 

The instriiment developed for reactor fast neutron 

measurements here described is a simple device that can be im 

proved by the utilization, for instance, of pulse shape gamma-

-ray discrimination in C S I ( T I ) or by the replacement of the 

scintillation detector by a semiconductor surface barrier dete. 

ctor.A versatile version can be built with provision for chan£ 

ing both angle of detection and radiator-detector distance. 
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