
L E A NEUTRON VELOCITY SELECTOR THEORY 
AND CALIBRATION 

F. G. BIANCHINI, M. ABREU, L. Q. AMARAL and O. W. MARTINS 

Publicação l E A N.« 
novembro — 1964 

78 

INSTITUTO DE ENERGIA ATÔMICA 
Caixa Postal 11049 (Pinheiros) 

CIDADE UNIVERSITÁRIA "ARMANDO DE SALLES OLIVEIRA" 
SÃO PAULO — BRASIL 



I. So Ao NEUTRON VELOCITY SELECTOR 

THEORY AND CALIBRATION 

by 

PoGo Bianchinij Abreu, L-Q» Amaral and OoW, Martins 

NUCLEAR PHYSICS DIVISIÓN - INSTITUTO DE ENERGÍA ATOMICA 

Sao Paulo - Brasil 

Publicação lEA nS 78 

novembro j, I964 

Presented at the "Study Group Meeting on the Utilization of 

Research Reactors" (promoted by the Jnternational Atomic Energy 

Agency) 

So Paulo, Brazil = November, I965 



'l Comissão Nacional de Energia Nuclear 
i 

'¡ Presidentes Prof» lareello Damy de Souza Santos 
i! 

:í Universidade de São Paulo 
•I ji 
í Heitor§ Profo Luiz Antonio da Gama e Silva 
¡1 
ii 
í Instituto de Energia Atômica 
/) 

! Diretor? Prof« Sômulo Ribeiro Pieroni 

Conselho Técnico-Científico do lEA 

Profo José Moura Gonçalves ) 
) pela USP 

Profo Francisco João Humberto Maffei ) 

Profo Rui Ribeiro Franco ) 
) pela CNEN 

Profo Theodoreto Ho Io de Arruda Souto ) 

Divisões Didático-Científicass 

DiVo de Física Nuclears Profo Marcello D.S o Santos 

Div, de Física de Reatores s Profo Paulo Saraiva de Toledo 

DiVo de Engenharia Nuclears Profo Luiz Cintra do Prado 

DiVo de Radioquímicas Prof. Fausto Walter de Lima 

Divo de Radiobiologías Profo Rômulo Ribeiro Pieroni 

DiVo de Metalurgia Nuclears Profo Tharcisio DoSouza Santos 

DiVo de Engenharia Químicas Profo Pawel Krumholz 



TEA NEDIEROIÍ VELOCITY SELECTORS OíBEGRy AND CALIBRATION 

PoGoBianohini^ MoAtareu^ LoQo Amaral and OoWs Martins 

Nuclear Physics Division - Instituto de Energía Atáinica 
sao Paxilo - Bra2sil 

RESmK) 

Um seletor meoâhico de velocidades, construido no Instituto 

dé Energia Atâtaica (lEA) s foi instalado em frente a vaa canal de iî  

radiãçSo tangencial* do reator tipo piscina do lEAo 

O rotor do seletor de velocidades tem a forma de um cilindro 

com canais helicoldais em sua periferiaj • em. conseqüêiciaj, a ener­

gía dos neutrons ê determinada pela velocidade angiilar do rotor. , 

Ssse instrumento pode ser usado como um monocromador de bai­

xa resolução ou como iam filtro^ quando acoplado a um espectr^etro ̂  

de cristal, destinado-a eliminar neutrons provenientes de refle­

xões de ordois superiores» 

Devido as diraensSes finitas do canal, o -espectro de saída do 

seletor-aaâo ê monocromático „ Foi estabelecida a relação teérica 

entrs'̂ '-Oieonipriraento- de- onda laédio do espectro de neutrons emergentes 

do seletor e o comprimento de ©nda no -caso de um seletor ideal, e 

foi determinada também a função-de transmissão.-do.seletoro 

As determinaçSes experimentais dessa relação entre os compr¿ 

mentes de onda do espectro emergente do seletor, para várias velo­

cidades de rotaçSo, foram feitas cora um expectrâaetro de cristal. . 

A secção de choque do.ouro. é apresentada mostrando o funcio­

namento . do seletor como filtro quando acoplado ao espectrôhietro de 

cristalo 
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SOMMAIRE 

IM sélecteur mechanique de vitesses a été construit à l'iiis 

tituto de Energia Atôtaica (ISA) pour la selection de neutrons lents, 

en utilisant des canaux hélicoïdaux toumantso II a été placé en 

face d'm canal d'irradiation tangentiel de la pile piscine de 

l'iEAo 

Cet-appareil peut être utilisé comme un monochromatetir. de .-̂  

baisse résolution ou comme un filtre pour les neutrons dûs aux re­

flexions d'ordre supérieur dans un cristalo 

La fonction de transmission a été déterminée parce que le 

spectre transmis n'est pas monocromatique à cause des dimensions 

finies du canal» Le rapport entre la longueur d'onde moyenne trans 

mise et la longueur d'onde dans le cas idéal a été établio La dé̂ . ,-

termination experimental de ce rapport a été faite avec un spéctro-

métre à cristal par moyen de l'analyse du faisceau sortant du sélec­

teur o On présente la section efficace de l'or pour montrer le 

fonctionnement du sélecteur comme filtre, quand il est assemblé au 

spectrométre à cristalo 

ABSTRACT 

A mechanical velocity selector (MVS) with helical channels , 

for the monoehromatization of slow neutrons, has been built at the 

Institute de Energia At6toica (lEA)e The selector m s installed at 

a tangential beam hole in the swimimg pool reaetor of the XEAo The 

channel rotation velocity determines the emergent neutron energyo 

This instrument "is used as a low resolution monochromator and as 

a filter for higher order neutrons reflected by crystalso 

The finite dimensions of the channel lead to a noaa mono -

chromatic transmitted spectrumo The average wavelength of the MVS 

is compared with the ideal MVS wavelaagth and a relationship 

between them is establishedo The transmission fuiictioii of the 
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MROPgCTIOW 

Maiiy experiments in nuclear physics retjuire the use of mono­
chromatic neutron beams« 

An instrument that has been less used in thermal neutron research 
than the single ciystal spectrometer"^ « is the mechaniceil velocity 
selector * , It consists usmlly of a number of slotted disks moun_t 
ed on a common shaft, forming a solid cylinder with helical channels 
in the periphery, IThe selection ©f the emergent neutron energy is 
given by the speed of the rotor. 

In the subthermal neutron energy range (i.e. below the peak of 
the IfexMellian distribution), a crystal spectrometer does not provide 
efficient energy selection because of the contribution due to reflect­
ed neutrons in second and Mgher orders. In order to obtain a raono-
chroraatic neutron beam in tiiis region of energy, a MVS has been 
constructed at the IEA.« 

When the MVS is used with a crystal spectrometer, it filters 
out the higher order neutrons. The selector may be used alone if 
only a monochromatic beam of low resolution is required. 

For a given rotational sg^ed, the resolution of this instrument 
is determined by the inclination of the chacmel and by the angular 
divergence of the incident beam. 

selector has been determined. Ihe e:!̂ erimental verification of the 
r 

calculated wavelengths was mad© by atialŷ ing the emergent spectrum 
of the selector with the crystal spectrometero The gold cross-̂ -seetion 
measured with the neutron spectrometer coupled to the velocity selector 
shows its use for the elimination of the effects due to high order 
reflectionse 



- The maxiratun speed of the selector aad the neutron back •~ 
ground determine the range of energy for a given incllaatida ©f 
the helical chamelo 

THEORETICAL COISIBBMTIOMS 

Consider-a - cylinder of length L-and radius BQ , with a-
narrow helical channel along its.surface s® as to progress.to 
an angle in the cylinder length (figure 1 )„ Let us suppose 
tMs cylinder to be made of a material opaque to neutrons, and 
rotating about its axis with a constant angular-velocity^ and a 
po]j.Ghromatic neutron beam entering the channelo 

Only neutrons with velocity ¥n.i. as destermined • by the 
velocity selector parameters will leave the channel» 

^ e wavelength associated with the neutron is 

m ¥n 
where m ig the mass of the neutron and k is Planck's constant. 

A neutron travelling parallel to the cylinder a^s will be 
able to emerge from the channel.mantainlng a constant distance 
from the walls, caaly if its velocity satisfies the following 
condition? 

^ ¥ 



Henee 

where £ is the rotation frequeney, and S_, is the. arc measur 
ed on the surface given by the expression S = RQ 0^, 

TRAHSMISSIQM FUNCTION 

Let us call FQ ()\) the spectral distribution of the incident 
neutron beam on the selector and F ( X) the spectral distribution •'̂  
of the selector emergent beam. 

p 
Following the notation of Dash and Sommers we write 

P (>N) = T (h) Po (X) 

where T is called "Transmission fmotion". 

The determination of T ()^) is made by-calculating the 
neutron;.probability to traverse -Hae channel. For this calculation 
\je use two systems of coordinates ; the laboratory system in 
which the neutron moves uniformly along a straight line and the 
system rigidly connected with the velocity selector, which moves 
with an angular velocity W in relation to the laboratory system. 

Then a parallel beam will leave the channel only if it has, 
in the rotor system of coordinates, a divergence smaller than or 
equal to the maximum channel divergence © (figure 2). 

The neutron velocity V In the rotor system \\rill be 

file:////rill


V » V - V n s 
— » • 

where V̂ ^ is the neutron velocity and Vg is the tangential 
velocity of a rotor surface point, both in the laboratory system, 

Î 

r 
I 

The probifeility of the neutron to enter one of the N 
channels is 

T = 

The probability neutrons leaving the channel depends on the 
angle as determined by the velocity Y and the walls. 

We shall analyse what happens when ^ assumes the boundary 
values, 

1 ) /^/ > Q 

In this case, the probability of a neutron leaving the 
channel is zero, because it will reach the channel walls, 

2) /fi/ « zero 

In this case, the neutron traverses the channel at a constant 
distance from the wallsi henee the neutron has the wavelength X o 
and its probability of leaving the channel is unity, Thiis the 
probability of leaving the channel is Tg, 

5 ) ' / O / < ® 

case a) Parallel incident neutron beam wavelength ^ 
between \ o - A X < A < Ao H- A X 
The neutron path inside the channel forms an 
angle with the- wall. As the neutron traverses 
the channel, it will get closer to the channel 
wall than when it entered it and its exit slot 
will be reduced by R A 0 (̂ A)» ^'^'^ between 



ease b) Divergent bearn, with wavelength ^̂ go 

In. this case, the beam has a small angular 

spread of 2 Q^Q, Th.e magnitude of ô ;̂  i# 

given by the eollimating system dimensions or 

by the detector dimensionso Also these neutrons 

will have their exit slot reduced by 

R'A0i (oc) where » Jl ¿^0^^/}^ 
2 ^ ^2 

Let us consider novj the cases ^ and b̂  , ioe. neutrons 

with wavelength )^ between X o " " A A < X <(Xo + a n d 

angular divergence oc between - c ^ Q < C ^ o 

Neutrons in these conditions vjill have their exit slot 

red̂ iced by R (A) t- bA0i ( c < ) „ 

oaie probability of this neutron not leaving the channel iss 

A0 (A) ̂ A0i (oc) 1 

Y 
and the probability of leaving the channel is 

1 i 
i A ) H- A 0 1 toe) i 

As the probability of the neutron entering the slots is TQ, the 

transmission function will be 

'The beam angular divergence 2 o(o "̂ ^̂  effect of modify­

ing the effective rotor length by a factor sec O(Q . if we 

suppose (5̂ o very small we can neglect all effects involving 
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siscond order terms in c>(po We have ? (oC) ~ 
I R 

F̂ ora ( 1 ) we have S A 0 (X) « A ^ ^ where K ^ 
^ m L W 

SI>. T (^,oC) = T_ ( 1 ° A o . L Q< 
^ R r 

Wiaere - A - is defined by = K ^j^ 

If we neglect the dependanee on R, setting R • R , AAD 
supposing a constant neutron distributieai in relation to the 
tangential angle, we may write 

1? (X) 
- ^ o 

with this assumption the transmission function may be writtei AS: 

T ( X ) « To h (^->^o ) . 

where / 

2 « , 
-.4 

\ 
doc 

WÖ define now a parameter 



that depends on the selector geometrial characteristics and on the 
beam angular divergences 

The Integration givess 

1) for an any value P 

^AiAA 4- ( P+l) 
- A 

2 
1 

i T 7 

in the range - ( 1-^P) < ^ ™ A ~ A £ _ ^ < 
- p 

|p - i 

2) P > 2/2 

h ( A - Ao) - ^ 
2P 4 P 

in the range 
P ^ A " ^ Q O < -

- A -

1 - p 

p » 1 

3) p 4 i 

h ( A » ^ „ ) 2P 

X - > in the range 1-P <C 5 ™ ± ^ 0 

4) p <::i/2 

- A . 



1 0 

in the range P - 1 /...^^X^ - P 

5) P ^ l 

h r A ^ X ^ ' i 3 1 - . „ ^ 
2 2P _ A . 

in the range P - 1 ] ^ ^ 

2 
) 

As the transmission function T ( A ) and the incident 
spectrum (^) are faiovKi, vre can calculate the emergent 
spectrum F (A ), and the average wavelength 

We define as s 

K 

^P (^l) dX 
1 

"As , p ( M d\ 

""""" K - Â +̂-̂) 
In the f©lloid.ng analysis, I'ie compare the average ivavelength 

"X to the wavelength Xo Siven by the expression ( 1 ) . 

Using T ( A) = h (A - Ao). and making x = X - "the 
esqjression feacomes 



(x4o) h (x) Po U+A ) dx 

h(x) PQ (x+h ) dx 

witli X]^ This escpression gives 

r 
-XI 

xi 

X h (x) P (x+)v_) dx 

-XI 
h (x) P- (x+ Ao) dx 

1 1 

The signal ( } \ Xo^ given by the numerator, which , 
after a few -transformations, can be written as 

xi 

0 
X h(x) Po ^>^o + x) - ^o (>^o-^) 

dx 

The signal of the expression in brackets determines the signal 
of (X " Ao). 

If PQ ( X ) is a constant, or a symetric function, we obtain 

If P^ ( A ) is a increasing function, it results and 

If FQ ( A ) is a decreasing function, A <̂  ^o' 
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RESOmriON FIGURE OF MEKCT 

The emergent spectrum resolution,- for a given rotation 
j 

Í velocity, is usvially defined as the ratio of the full width at 
! half maximum to the average wavelength» 
i 
í 

I 
The evaluation of the selector resolution requires tedious 

calculation for each particular case» 
We will use a simple resolution "Figure of Merit" defined 

( 2 ) 
by Dash and S^nmers as a property of the spectrometer geometiys 

r 
K 

This egression may be written ass 

00 R 0^ 

EXPERIMEMTAL APPARATUS 

The MVS was mounted in the exit of the lEA-Rl taigential beam 

holeo The experimeatal apparatus^, shown in figure is f o i T n e d 

by the collimator, the mechanical velocity selector and the 
cristal spectrometero (") 

The experimental study of the MS characteristics was un­
dertaken with the apparatus shorn in figure 4» In this experimental 

The MVS design and construetlon^ere supervised by'' Dr. R.L, 
Zimmerman, scientist who spent one year at the lElA, on leave from 
the Case Institute of Teclmology, Cleveland, OhiOo 



1 3 

apparatus the beam div^?gence defined by the detector has . the 
value 55^0 ffl . 4 « 4 10"°^ thus resulting for the ielector 
parameter the value P ̂  o33o' 

This study was made considering the most unfavourable 
resolution,conditionso This is performed with the minimum S 
value, S 2 o 3 6 5 cm i for lower values we have a straight 
channel*. The•resolution figure of merit in this case is 
P= o 6 , Iceo, 6 0 ^ in wavelength. 

We have determined with the crystal spectrometer the emergent 
spectrum for several rotation velocities^ these spectra can- be 
seen in figure 3s> v̂ iere they are compared to the assumed incident 
spectrum, a maxwellian distribution at 3 0 0 ? K. The esgjerimental • 
and theoretical resolution of these spectra are shown in Table I» 

The. theoretical mean wavelength - ( th) tías -calciilated by 
numerical integration, and the experimental mean wavelength exp) 
by graphical integration of the ̂emergent spectrumo In figure 6 , 
the curves of given by eaepression (l)^ "^e:^' 
can be seal and their respective values are presented in Table II, 
for some rotation velocities« 

• - Cross section measurements of gold-were taken with the 
crystal spectrometer•alone,.and later with-this spectrometer 
assembled to the MVS. Thus, we have been ̂ Ble to verify -the 
use of the selector as a higher order eliminator (figure 7 ) » 

Finally, we can conclude that even with the worst .resolution 
conditions, -the MVS operating in the--IEAR-1, can act as a- low 
resolution and high- intensity monochromator • otherwise,. when. -
assembled to the crystal -spectrometer, it acts as an eliminator 
of higher order contamination. 
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TABEE I 

1 5 

R P H Theoretical 
resolution(^) 

Experimental 
resolution ifo) 

Figure of 
Merit 

5 000 5 0 4 8 ± 2 6 0 

7 2 0 0 4 1 i 2 6 0 

9 000 4 4 4 5 í 2 6 0 

TABLE II 

R P M 
WAVELENGTH 

CRYSTAL R P M CRYSTAL 

9 0 0 0 o 9 6 l o 0 3 l o 0 5 i o 0 6 NaCl 

7 2 0 0 l o 2 1 . 2 1 1 , 2 2 í »07 
NaCl and 
Ca2C0-5 

6 5 0 0 l o 3 5 1 . 3 l o 3 9 " o08 Pe20;5 

5 0 0 0 l o 7 3 le 5 7 l c 5 9 ^ c 0 9 Ca2'^*^ 

2 000 4 o 3 2 3 o 3 8 3 < . 3 i c 2 0 Pe205 



FIGUKES INDEX 
BY SEQUENCE ORDER 

1) Selector Geometry 

2) Vectorial velocity corapositlon within the channel 

3 ) Transmission function for P = 

4 ) Experimental apparatiis mounted in the tangential beam 
hole of the IEAR-1 

5) Emergent Spectrum of the SMV, analysed vjlth the crystal 
spectrometer 

6) Theoretical and ê sperimental curve calibration 

7) Use of the selector as a higher order eliminator 
The cross-section of gold is shown 



Figure 1 - Selector geometry 

/ Vn ~ neutron velocity 
^ _ rotor velocity 

^ / / . . ! / / / / / / / . / / 7 / / / / / / / / / / 

Figure 2 - Vectorial "velocity Gomposi-tion within the 
channels 
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Figure 3 « Transmission function for P= ,33 
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