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I -» Ifitroductlon

In the following pages a descrlption Is ^iven 
of the construction details ?nd calibration procedure 
of the "differential angular correlation equipment" 
built at the Instituto de Física "Dr.José ^.B^lseiro" 
durlng the surnmer 196^. Taklng into account that 
some parts of the equipment wlll be modlfled and 
Improved at a later stage, this descrlption must be 
regnrded as a prellmlnary ene, When descrlblng the 
pertlnént parts i’eference is made to the projected 
changes.

The purpose of the equipment is the determinatlon 
of thê  time and angle correlation between two succes- 
slve V' -rays from decaying nuclei. The interpretation 
of the results can be used for deternlnlng spins of 
exclted nuclear states, nultipolarities of the 
emitted radlations, half-lives of nucle=^r exclted 
states, and the interaction of nucle-^r moments vith 
electromagnetic fields, This last part allows not 
nrly det^rmlnatlon of nuclear nroperties but also

oiiC Cíe A oar • w » • •  • •  i
of some detsils of the structure in solids and 
liquids o
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II ~ General Descrlption

The equipment consists of two y -ray detectors 
mounted on a "correlation table" (Flg.l). One of the 
detectors (Det.l) is fixed in angle with respect to 
the table but it is oossible to ali^n It wlth respect 
to the {fceblBal source and the radial distance to the 
source is adjustable between O and ^0 cm. The other 
detector (Det.2) is free to move around a central 
axis fixed to the table. The detect^^ is supported 
by this axis and by two wheels glidíng on a circular 
rail, 80 cm in diameter, Besides, it has the same 
possibilities for alignement and changa of radial 
distance as Det.l. The central axis supports the 
source-holder wh^ch can be displaced in any direction 
in order to center the source with respect to the 
detectors.

Each detector is connected through several 
cables with three racks where all the corresponding 
electronlcs is mounted, One rack contains three power 
supnlies: a regulated high voltage Cup to 3.7 KV) 
supply, a low voltage ( up to + and ->+0 V) supply, 
also regulated and a fixed + 85 ^ supply. This rack 
contains also the time analyzing circuitry ("time 
panel") . The second rack contains the energy selecting



equlpment, i.e. the diiferential discriminators ("D.D.’')
»nd three sc^lers, The third rack contains a 100 ch^nnels 
analyzer which will be replaced in the futura by a transis- 
torized VOO chsnnels nnalyzer. ^11 the equipnent is fed by 
e voltage stabilizer vhich supplies (220 i  2.2)V and up 
to 6 KV/ power.

The general block scheme of the equipnent is shown 
in í’ig.2. It should bs pointed out that temporary changas 
may be made on the block scheme in order to perform 
special me-'’suttements (e.g, determination of half-lives 
longer than 200 ns).

Since raost of the equipnent is or will be transistor- 
ized and the raeasurements extand usually over long time 
periods, the rooin will be tempera ture stabillzed in order 
to achleve the required stabllity in the operatlon 6f the 
equipmenté

In the"correlation table", provision has been nade for:
a) A future automatic operatlon of the equipnent i.e. change 

of the angle between detectors, controlled by an electron- 
ic timer.

b) Placenent of rn electromagnetfdn order to make studies 
wlth externa 1 magnetic flields.

III - Detectors 

e c ha ni c a 1 c on s t r uc 11 on

Ench detector consissts of a Nal(Tl) crystal, 3 .7  ̂cm. 
di?̂', X 5.00 cm. high (Det.2) and B»?? cn.dia, x 2.^0 cm. high 
(Det.l) respectively. They are fixed on top of the ^SAYIP 
photomultipliers (Ph.M.J’ by neans of a thln silicone grease 
layer. The crystal-photonultiplier systen is housed in a 
light-tight, Soft iron system which permits minor ad,-)ustments 
in order to insure^ an efficient light transmission from the 
crystal to the Ph.M, and Includes three separate layers of 
|A -metal foils providing the required magnetic shielding of 

the Ph.M. The design makes provision for the use of light 
guides between the crystals and the Ph.M. whenever strong 
magnetic fields are used,

The Ph.M. houslng is supoorted by a píate at the 
rear part of which the detector electronlc box is olaced.
The Ph.M. Socket serves as a connectlon between both parts, 
The box contains the circuits to provide the voltage supply 
of the Ph^M. and to receive and shape the output pulses. When



looking fron the rear end of the detectors, the Ph.H. 
supply circuit is mounted in the right circuit crrd 
vrhere-'̂ s the slow ^nd fpst output pulse circuits ^re 
pl'-’ced in ths left c^rd, A n  three circuits wlll be 
descrlbed sep-'-r̂ itely.
"b) Soltare supolv o!* the Ph.M.
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f
A voltage divider fed by the high voltage supply 

rovides the requlred potentinls for the dynodes of the 
h,M, (Fig,3). S orne of these -teoltoges c^n be vfried in 

order to obt-^in the optlmum ráspense of the Ph.M., The 
normal opert!tion point líes between 2 .0 KV ^nd 2 .5 KV 
rnd the_Gurrent thnt flows through eoch divider is 3 râ 
pt 2.5 KV, Aii the circuit but for some condensers is 
mounted on r plug-in card,

out^ut

A positive signal taken from dynode N2 9 in the 
Ph.M. is fed to sn emitter follower of high ( ’r' 1 Mi.1) 
input imped''nce and low ( lOOil ) output impednnce as 
shown in Fig,^t The iise time of this pulses is c5ns 
'’nd they h^ve a 100 iis long tp.il. This pulse sh«p6 is 
required by the double delpy line (DDL) nmplifiers into 
v/hich this pulses =>re nornally fed„ Whenever conmon RC 
pmplifiers rvs used, instead of DDL, the pulses '’re 
further shaped by a differentiating ore^^mplifier víith a 
neg^^tiye output, 6 |is in durTtion. ín both c-̂ ses (RC 
or DDL) í’fter amDlification pulses -'’re analy-zed in 
amplitud by differential discriminators (DD;,
d) Fast output

At the^anode of the Ph.M.  ̂ ñeg^tive pulse is
uspd frr t.liile iiiiysis in the following w^y (Fig,l+): 
lwo fast NPN transistors, conducting heavily (^0 mA) 
are cut by the neg--̂ tive anode pulse and produce at the 
collector a linited positivo pulse of 1 Volt amplitud 
over a 15O £l resistor, Each detector has two such 
limiter circuits producing two independent pulses. A n  
four fast pulses are fed to the ”time panel through 
>+ ns/m delay cables (RG63B/Ü, 12^ JIL ) s§ 5h8^ñ ín Pig. 
5. For a gamma ray of*500 KeV ^nd operating the
rn.íi. u.-'j 2^2 the rise time of these pulses is between 
3 íínd h ns.



“ ^Ime anplysls

The''time p? n̂el’' includes the clrcultry necessary for 
performing a frst coincldence, a slow triple coincidence 
pnd the tlme-to-pulse-height conversión (ÍPHC). It consists 
of six C'-̂ rds onto four of which the circuíts are mounted 
wboroas tv;o cards are left free for futuro extensions. Pov/er 
( + I2V, -12V, + 85V and ground) is supplled through a slx- 
line shielded cable that is connected at the rear apron,
Each part vjill be described sep^-rately,
a) ^ast coincldence circuit

As shown in Fig,5 two cables, one coming from each detec­
tor, are raatched with a reflection cable whose length 
determines the duration of the pulses coming from the detec- 
tors. Whenever a temporal coincidence of two pulses occurs 
(i.e, both pulses overlap at the-cable .junction) the sum of 
them tri:í̂ gers a tunnel diode plus univibrator system ( see 
Fig,6) giving a positivo 10 Volt 1 ,5 aec output pulse,
The current bias of the tunnel diode can be '’djustad by means 
of a 10 turn potentiometer placed at the right side of the 
pannel.

The time resolution of the fast coincidence can be 
adjusted.by changing the length of the reflection cable, 
Calling 2C the time resolution if ’T is the delay (one 
way) of the reflection cable, thén for ideal rectangular 
pulses (i.e. negligible-rise time):

2 L- = ^ T
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For real pulses 
than ^ T. Therefor 
ined by the rise t 
lies between U- and 
li'nited by the att 
ĉ ''ble and c-̂ n be 
cable settines all 
and for 2 c = 120 
When looking from
is mounted in 
panel.

thí

with finit 
e, the mini 
ime of the 
8 ns. The 
onu-^tion of 
s long as s 
ow for 2 o 
ns and 23O 
the front, 
first card

e rise tinre, 2 i is shorter 
mum time resolution is determ- 
pulses ">nd for £his equipment 
máximum time resoliation is 
the signáis in the reflection 
overal nicroseconds. The normal 
- 8 ns (very fast coincidence) 
ns for h^lf-life measurements, 
the fast coincidence circuit 
from the right of the time

b)' Slow triple coincidence

The output from the fast coincidence^s streched by 
means of a univibrator to an adiustable (%;ith an internal , 
potentioneter) length, as shown in Fig,7. This is done in 
order to match the time delay of both differential discrim- 
inators, whose output pulses together with the streched 
pulse feed a comnon collector triple coincidence circuit.



The outout of the triple coincidence is shaoed by 5 
univibr'^tor nfter going through r-n einitter follower, 
is av.'".il-'̂ ble for scr.llng coincidences or to open the gñte 
of the raultich^nnel ^'n-lyzer^ The output pulse is negativa 
10 Volts, 3 sec long„
c) Time to pulse height converter

The converter (TPHC) operntes (Fig,8) rauch in n similar 
v/sy to the f''st coincidence. Pulses from both detectors 
ov:}rlap and add on n forwnrd biased diode. A s:-)cond diode, 
v/hich is reverse bi-̂ .sed cuts the lower p"rt of the sum 
pulse. This 1-̂ st bias is gdjustpble through Q lO turn 
potentiometer pl̂ 'ced nt the left side of the pannel, Thus, 
the pulse going through the second diode has a constant 
height and a length which is linenrly relnted to the rela- 
tive delay between both input pulses, Therefore, '’fter a 
two step integr-^tion, the output pulse has nn nmplitude 
which is also linenrly related to the time delay between 
both input pulses# It h°s to bo noted thnt, depanding on 
the c^ble setting, the highest output pulso nay correspond 
to the shortest or to the longest delay, The present 
situí^tion (Fig.5'), corresponds to the first alternative,

The pulses, after going through an emitter follower 
are send to the nultichánnel analyzer (MCA), Since each 
pulse height corresponds to a cert^in tine delay between 
radiations 1 ^nd 2 , the chnnnels in the MCA corresponds to 
a tiine scale whj ch hfes to be calibrated,

The time res-̂ F̂ ubíon of the converter, defined as the 
full width at half máximum (fwhm) of a prompt peak Is about 
3 ns for a Y -r̂ '̂ y energy of '̂ 00 KeV detected with Nal(Tl) 
crystals and with 2 ,2 KV on the Ph.M,

The time r̂ ^̂ nge of the converter is determined by the 
length of the reflection cable -'’nd is equal to 2T'where 
T ’ is the delay of this c-ble» Presentíy the circuit 
operates at two different timo ranges, n'''moly 115 ns and 
225” ns "s required by the haIf-lives involved in the 
measurernonts, The TPHC circuit is nounted on the first 
card from the left of the "time panel".(Looking from the 
front).
b) libration of the TPHC

Since the pulse risa time '̂ nd the Ph.M, tr”̂nsit tino are 
dependent on the energy of the radiation it is not convenient 
to calíbrate the TPHC qnd MCA with a pulse generator, Instead 
one should use a prompt source Ci.e, negligible half-life 
in the intermedi'^te level) with Y -rays having energies 
largcr than the ones in the source to be measured and set
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tho DD to accc-pt, tho Conpton portions of the prompt source 
spectrum th"t the same energies the source to be
raen sured,

By introducing v-rious ceble delnys In branch 3 of Fig, 
5 one obtv'ins sevcT^’l shifted prompt penks which give the 
tlne colibrntio.n» It is ñssuraed tĥ ’t the cnble delays rre 
known. For BG63-/U cnble the dslay is (^ .0  + 0,08) ns/n.
If better accur'’cy is desiried, ?i VHF osclilntor con be used 
to measure the cable delays in a sop'^rote measurenent,
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V - Energy analysis

a) Dlfferential dlscrimin^tors

The slow output of the detectors is used for energy 
selection. The pulses ”re fed to differential discrimin''tors 
(DD) which select those pulses whose anplitude lies within 
tho lirnits of the window E and 3- dÉ* Both levels can be 
selected in the front panels of the DD units, The- nulses 
selected produce an output pulse;, which appears about 1,5’t‘s 
delayed respect to tne input pulse, This int^^rnal delay of 
the DD depends soriewh''̂ t on the position of the window and 
the anplitude of the aceepted pulses, Each DD provides two 
output pulses, One (l V neg^tive) is fed to a sc'̂ ler and the 
other ( 10 V positivo) is used for the triple coincidance, 
Since the amplitude of the slov? output pulses is proportional 
to the g^mna-r^y energy, the DD units oermit the selection of 

y -rays of the adec^uate energy»
b) Scaiing SYSLem

The output fron both DD and the output of the triple 
coincidence are recorded on thrse scalers. The scalers reading 
single counting rates fron the DD have a capacity of l OU 
counts, whereas tho coincidence scaler has a cap-^clty of 107 
counts, Aii throG ĉ n̂ stand a maximuci counting rrte of ^0 KC,

VI - Conclusions
The equipment described provides a suitable and stablc 

system for differential angular correlation ne^^surenents,
As it was mentioned earlier soné parts will be nodified in 
the future e.(g. a TPHC will be a<̂ ded with a longer time ranga 
for msasurements i^”olving time observations longer than 200 
ns, Faster sĉ lc:' ^re under conscracti on and nech^^nical In- 
provenr



improvements will nllow the use of light guides for 
nensurenents in strong mngnotic fields.
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S6 AVP

-fHV (2 600 Vmax.) 
Q

i  1 0 0  K  Í2 w )

! ' 150K (2W)

( a )  ouíput ío lím itc rs d )  output to Diff. Disc.



Ci
LIMITER (FAST OUT)

+ 85V +12 VoltO

Note: Out Is adapíed to 125X^ cable. The resistor R ('-'50-3 K) has to be 
adjustcd to allow 40mA through cach transistor. (Transistorjarc 2N2257)

EMITTER FOLLOWER (stow out)

2N1308 2N1309 + 12 Volt

Note: Ci and Ca should be adjusted according to the input and output 
impedance. The follower is linear for positive pulses up to lOvo'.t



DET. 1

, o'

V
A

\
-_/ \g,

13

REFL RG8/U(60^) 
11.5 m (22.5 m)

D

REFL. RG 8/U Í60A) 
6 m .11.5 m)

Note: the cable deUy is

RG 63 B/U 
RG 8/U

4ns/m
5ns/m

Cal:'.e lengthsíndicated correspond to 110 ns range. Cable lengthsin brackets 
correspond to 220ns range.
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