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I -~ Introductien

In the following pages a deseription is given
of the construction details 2nd calibration procedure
of the "differential angular correlation equipment"
built at the Instituto de Fisica "Dr.José A.Balseiro"
during the summer 1765. Taking into account that
some parts of the ejuipment will be modified and
inproved at a later stage, this description must be
regnrded as 2 preliminary one, When describing the
pertinent parts reference is made to the projected
changes,

The purpose of the equipment is the determination
of the time 2and angle correlation between two succes-
sive X ~rays from decaying nuclei, The interpretation
of the results can be used for determining spins of
excited nuclear states, multipolarities of the
emitted radiations, half-lives of nucle=r excited
statesy, and the interaction of nucle~r moments with
electromagnetic fields. This l2st part sllows not
GQ]Y thg determination of nuclear properties but also

ol ¢ CPOT mxen-. em —ou . . -® 3 a
of some deta2ils of the structure in solids ond
liquilds,

II ~ General Description

The equipment consists of two ¥y -ray detectors
mounted on o "correlation table" (Fig.l). One of the
detectors (Det.,1) is fixed in angle with respect to
the table but it is vnossible to 2l1lign it with respect
to the €&ebiIeal source and the radial distance to the
source is adjustable between O and 40 cm. The other
detector (Det.2) is free to move around a central
axis fixed to the table., The detectétr is supnorted

by this axis and by two wheels gliding on a circular
teil, 80 cm in dismeter, Besides, it has the same
possibilities for alignement and change of rrdial
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
electronics is mounted. One rack contains three power
suonlies: a regulated high voltage (up to 3.7 Kvy
supply, a low voltage (up to + and -40 V) supply,
also reguleted 2nd a fixed + 85 V supnly. This rack
contains 2lso the time 2nalyzing circuitry ("time
panel") . The second rack contains the energy selecting
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equipment, i,e. the differential discriminators ("D.D.")
and three sc2lers. The third rack contains a 100 chrnnels
analyzer which will be replaced in the future by a transis-
torized 400 channels analyzer. 411 the equipment is fed by
2 voltege stabilizer which supplies (220 * 2,2)V and up
to 6 KW power.

The general block scheme of the equipment is shown
in Fig.2. It should b® pointed out that temporary changes
may be made on the block scheme in order to perform
special me=sutlements (e.,g, determination of half-1lives
longer than 200 ns).

Since most of the equiprent is or will be transister-
ized and the nmeasurements extend usually over long time
periods, the room will be temperature stabilized in order
to achieve the required stability in the operation 8f the
equipment,

In the'correlation table", provision has been made for:
a) A future ~utomatic operation of the equipment i.e. change
of the ~ngle between detectors, controlled by An electron-

ic timer.

b) Plrcement of =n olectromrgnetPdn order to mrke studies
with external mnagnetic flields,

IIT - Detectors

a) Mechnnical construction

Each detector consists of a NaI(T1) crystsl, 3.75 cm.
dia, x 5.00 cm. high (Det.2) ond 3.7% cm.dia. x 2.50 cm. high
(Det.1) respectively. They 2re fixed on top of the S56AVP
photomultiplizrs (Ph,M.P by meszns of a thin silicone grease
layer., The crysteal-photonultiplier systen is housed in a
light-tight, soft iron system which permits minor ~djustments
in order to insure sn efficient light transmission from the
crystal to the Ph.M, 2and includes three separate layers of

p -metel foils providing the required magnetic shielding of
the Ph.M. The design makes provision for the use of light
guides bebween the crystels and the Ph.M. whenever strong
magnetic fields are used.

The Ph.M., housing is supported by a plete at the
rear part of which the detector electronic box is placed.
The Ph.M. socket serves as a connection between both parts,
- The bex contains the circuits to provide the voltage supply
of the Fh.M. 2nd to receive and shape the output pulses. When
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looking from the rear end of the detectors, the Ph.M.
supply circuit is mounted in the right circuit cord
wherens the slow and fest output pulse circuits are
placed in the left card, A1l three circuits will be
described sep=rately.

b) Voltere suonly o7 the Ph.M,

A voltege divider fed by the high voltage supply
provides the required potentisls for the dynodes of the
Ph.M. (Fig.3). Some of these Woltages c2n be veried in
order to obtrin the ontimum response of the Ph,M., The
normal operation point lies between 2.0 KV »2nd 2.5 KV
»nd the current thot flows through each divider is 3 mé
2t 2,5 KV, All the circuit but for some condensers is
mounted on » plug-in card.

c) Siow output

A nositive signhal taken from dynode N2 9 in the
Ph.M, i3 fed to an emitter follower of high (s 1 M.l)
input impednnce and low ( = 100:Y § output impedance as
shown in Fig.lW. The #ise time of this pulses is .5us
~nd they hsve a 100 us 1long tail, This pulse shape is
required by the double delaey line (DDL) amplifiers into
which this nulses =2rc normally fed, Whenever cormmon RC
smplifiers r~re used, instesd of DDL, the pulses =re
further sheped by = differentisrting presmnlifier with a
negative output, 6 ps in duration. In both cnses (RC
or DDL) »fter rmplification pulses »re nnalyzed in
amplitud by differential discriminators (DD),

d) Fast output

At the mnode of the Ph.M. - fasy Reg tive pulse is
used o Tive naiysis in the following wey (Fig,h):
Iwo fast NPN transistors, conducting heavily (20 mA)
are cut by the negrtive anode pulse 2nd produce at the
collector o limited positive pulse of 1 Volt amplitud
over a 150 2 resistor., Each detector has two such
limiter circuits producing two indenendent pulses. All
four fast nulses nre fed to the "time_ psnel® through
4 ng/m delfy cab}es"(RG§3B/U? 129.n ) ag Qh&ﬁﬁ.ih Pig.
2 50T @ ganmd Tay GNinaPgy of 500 KeV =nd operating the
Ph.H. a% 2,0 XV the rise time of these pulses is between
3 and 4 ns,.



-

IV ~ Time anslysis

The"time penel includes the circuitry necessary for

performing 2 frst coincidence, a slow triple coincidence
~nd the time-to-pulse-height conversion (TPHC), It consists
of six cards onto four of which the circuits are mounted
whercas two cards are left free for future extensions. Power

+ 12V, -12V, + 85V and ground) is supplied through a six-
line shielded cable thet is connescted a2t the rear apron.
Each part will be described sep~rately,

a) Fast coincidence circuit

As shown in Fig,5 two cables, one coming from each detec-
tor, are matched with a reflection cable whose length
determines the duration of the pulses coming from the detec-
tors. Whenever 2 tempornl coincidence of two nulses occurs
(i,e, both pulses overlap at the cable junction) the sum of
them triggers a tunnel diode plus univibrator system (see
Fig.6) giving a positive 10 Volt 1.5 & sec output pulse,
The current bias of the tunnel diode can be ~djusted by means
of = 10 turn potentiometer placed at the right side of the
p2nnel,

The time resolution of the fast coincidence can be
adjusted by changing the length of the raflection cable,
Calling 2% the time resolution if T 1is the delay (one
way) of the reflection cable, then for ideal rectangular
nulses (i.e., negligible-rise time) s

2 =4 7T

For real pulses with finite rise time, 22 is shorter
than 4 T, Therefore, the minimum time resolution is determ-
ined by the rise time of the pulses ~nd for fhis equipment
lies between 4 »nd 8 ns, The m~aximum time resolution is
linited by the attchu~tion of the signrels in the reflection
crble »nd can be »s long ns several microseconds. The normal
cable settings 21low for 2T = 8 ns (very fast coincidence)
and for 2% = 120 ns and 230 ns for h~1lf-1life measurements,
When looking from the front, the fast coincidence circuit
is mounted in the first card from the right of the time
panel, '

b)) Slow triple coincidence

The ontput from the fast coincidence%ﬁs streched by
means of 2 univibrator to an adjustable ('with an internal
potentiometer) length, as shown in Fig.,7. This is done in
order to matech the time delny of both differential discrim-
inators, whose output pulses together with the streched
pulse feed a2 comrmon collcector triple coincidence circuit,
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The outoput of the triple coincidence is shaned by =
univibrator and after going through =n emitter follower,
is availeble for scanling coincidences or to open *the gate
of the multichrnnsl ~n:rlyzer, The output pulse is negative
10 Volts, 3 ® sec long.,

¢) Time to pulse height converter

The converter (TPHC) operates (Fig.8) much in » similar
w2y to the f-st coincidence, Pulses from both detectors
overlap and 2dd on » forward bizsed diode. A sacond diode,
which is revzrse biased cuts the lower prrt of the sum
nulse, This 1lnst bias is =2djusteble through 2 10 turn
potentiometer plrced 2t the left side of the pannel, Thus,
the pulse going through the second diode h2as a constant
height 2and » length which is linearly relnted to the rela-
tive delay between both input pulses., Therefore, ~fter a
two step integr=tion, the output pulse has ~n amnlitude
which is also linearly related to the time delay between
both input pulses. It hes to be noted thnt, depending on
the cable setting, the highest output pulse may correspond
to the shortest or to the longest delay., The present
siturtion (Fig.5), corresponds to the first alternative.

The pulses, after going through »n emitter follower
nre send to the nultichannel ~na2lyzer (MCA), Since each
pulsc height corresponds to a2 cert~in time delay between
radintions 1 ~nd 2, the chnnnels in the MCA corresponds to
a time scnle which hhs to be c2librated.

The time resseubfon of the converter, defined =s the
full width ot h21f maximum ( fwhm) of 2 prompt pesk is ~bout
3 ns for a Y -roy energy of 500 KeV detected with NaI(T1)
crystnls and with 2,2 KV on the Ph.M,

The time reonge of the converter is determined by the
length of the reflection cable 2nd is equal to 2T'where
T' is the delay of this c~ble, Presently the circuit
operates at two different time ronges, n-mely 115 ns and
225 ns ~s required bg the half-lives involved in the
measuremonts, The TPHC circuit is mounted on the first
card from the left of the "time panel",(Looking from the
front) .

b) C~libration of the TPHC

Sinece the pulse risz time ~nd the Ph.M, tr=nsit tinme =re
dependent on the energy of the radintion it is not convenient
to crlibrate the TPHC and MCA with a pulse generntor, ILnstead

onc should use 2 prompt source (i.e, negligible hnlf-life
in the intermedi~te level) with Y -rays having energics
l=rger than the ones in the source to be measured and set
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the DD to accept the Compton portions of the prompt source
spectrum thst anva the same energies ns the source to be
ne~sured,

By introducing vrrious cable delnys in branch 3 of Fig,
5 one obtoins sever~l shifted prompt pecks which give the
tine calibration. It is assumed th~t the cable delays =re
known., For RG63-/U c~ble the delag is (4,0 * 0,08) ns/m.
If better accurrcy is desided, 2 VHF oscitlator can be used
to measure the cablc delays in a sep~rate measurencnt.

V. -~ Energy analysis

a) Differential discriminntors

The slow output of the detectors is used for energy
selsction. The pulscs =»re fed to differential diserimin~tors
(DD) which selecet those pulses whose amplitude lies within
the limits of thz window E ~and %~ 4E, Both levels can be
selected in the front prnels of the DD wunits, The nulses
selected produce an nutput pulse, which appesrs about 1,5us
delﬂ%ed respect to tne input pu’se, This internal felay of
the DD devnznds scmewhst on the position of the window 2nd
the 2mplitude of the rceepted pulses. Ench DD provides two
output pulses. One (1_V negntive) is fed to » sc~ler »nd the
other ( 10 V positive) is used for the triple coincidence.
Since the amplitude of thz slow output pulses is proportional
to the g~mma-ray energy, the DD units nermit the sclection of

Y =-rays of the zdeguate energy. )

b) Scoling svsizm

The output from both DD ond the output of the triple
coincidence are recorded on thrce scoalers. The scalers ree%ing
single counting rates from the DD have a copocity of 101
counts, wherers the coincidence scaler has 2 caprcity of 10
counts, A1l thrce c~n stand 2 maximum counting rcte of 50 KC,

VI - Conclusions

The equipment described provides 2 suitable =2nd stable
system for differcntial =»ngular correlation me2surements,
As it wns mentioned earlicr some pnrts will be modified in
the future e.g. a TPHC will be =2dded with a longer time range
for msasurements ir—olving time observations longer than 20
ns. Faster secelcr »re under conscraction and mechanical inm-
provem:



improvements will nllow the use of light guides for
measurenents in strong magnetic fields.
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