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1 Procedure

I Using the block diagram of the electronic setup, check that all BNC’s are in the
correct place.

II Place the 22Na source between the two PMT’s with the source closer to PMT A
and further from PMT B.

IIT For PMT-A adjust the voltage and amplifier gain in order to see the complete
range of pulse heights on the oscilloscope.

A Send the AMP OUT through the delay line (which should originally have all
settings on zero), the DELAY OUT should hook-up to one channel on the
oscilloscope.

B First look for the characteristic .511 MeV annihilaion gamma-ray which will
show a distinct photoelectric absorption line. At this voltage and gain, the
pulse should not look saturated (it should not be squared off).

C The 1.28 MeV gamma-ray many be saturated at this gain, to check this simply
lower the gain by a factor of two. By doing this all lines should now be observed
clearly. : .

D To check that annihilation radiation is in fact being observed attach ANAL
OUT (analyzer out) from PMT-A to the trigger on the oscilloscope.

E Now trigger the spectrum via the pulse from ANAL OUT.

F Note how only the tail end of the spectrum can be observed. In order to see
the full spectrum, increase the delay in the delay line from zero until there is
a 0.25-0.5 usec plateau before the full spectrum. (The fine delay knob might
give some problems, if it does, just hit it softly.)

G Changing PMT-A’s discriminatior unit to integral mode, now raise the thresh-
old from zero and note the affect on the spectrum.

H Finally, lower the threshold to zero again and raise it until the noise in the
spectrum is cut-out.
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J

Now trigger the oscilloscope with the coincidence line used to gate the experi-
ment. It will be necessary to flip the trigger knob from positive to negative to
see the spectrum. Again, increase the delay in the delay line from the previous
setting until there is a 0.25-0.5 pusec plateau before the full spectrum.

Record all settings.

IV For PMT-B adjust the voltage and amplifier gain in order to see the complete
range of pulse heights on the oscilloscope.

A
B
C

D

E

Repeat steps A)-G) in part II except now for PMT-B.
Now raise the threshold until all lines below the .511 MeV line are cut-out.

Change PMT-B’s discriminator unit from integral to differential mode (oper-
ating in this mode allows the window width to have an affect).

Decrease your window width from the maximum setting until the .511 MeV
peak is completely isolated.
Record all settings.

V Ovservation of coincidence pulses.

A

B

C

D

Attach the BNC from the ”channel monitor” (located on the coincidence unit)
to the free channel on the oscilloscope.

For each channel adjust the width of the pulse to be approximately 0.5 usec
via the width knob for the corresponding channel on the coincidence unit.
Align the two pulses on the oscilloscope via the delay knob for the correspond-
ing channel on the coincidence unit, this assures that the pulses will in fact
indicate a coincidence event.

Record all settings.

V1 Preparation for data collection.

A

moQw

G

Reconnect PMT-A through the delay line, and restore the delay settings for
PMT-A.

Make sure that all settings match the previously recorded settings.

Measure, from the center of the source, the distance to each PMT.

Record crystal dimensions for each PMT.

With a BNC split, observe your triggered spectrum (triggered by the gat-
ing line) on the oscilloscope while also sending it to the PHA (Pulse Height
Analyzer) as indicated in Figure 1.

Check that the PHA is in fact recieving the gated signal from the output of

the coincidence counter as in Figure 1, the switch on the coincidence counter
must be placed to ”coincidence” or else the gating line is ineffective.

Follow instructions on the cheat sheet for operation of the PHA.

VII Data collection.

A

In order to have all data necessary to calculate the efficiency of the coincidence
unit, the scalers (counters) must be utilized. Before data collection begins,
zero all counters. (It is possible that the conincidence counter is still malfunc-
tioning, if this is the case have PMT-A’s counter count coincidence pulses by
adding an extra BNC running from the coincidence unit to the counter.) At
the instant data collection begins the counters will need to be turned on and
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buttons at once may be necessary. Stop the counters at the instant the run
is finished. Record these numbers as they relate the total number of counts
recieved by PMT-B; comparison of this number with the comc1dence number
will yeild the efficiency of the coincidence counter.

Start data collection as indicated on the cheat sheet. Counts from PMT-A
will now only be recorded if they are in fact in coincidence with PMT-B, the
gating line from the coincidence unit insures this.

To save data to the hard-drive once the run is complete, two methods should
be utilized. nf

1 Escape until MOVE is an option on the PHAénd type "m” and then enter.
Now another manifold has been entered, y§pe ”d” and enter to open the
DATA manifold. The prompt "from FTT” will appear, hit enter; the
promt "to” will appear, type C:\MCA\ﬁlename. Two prompts will appear
after this, ignore both by hitting enter. The data will now be saved as a
.dat file.

2 Escape until UTIL (utility) is an option on the PHA and type ”u” and
then enter. Now the utility manifold has been entered, type ”p” and enter
to open the PRINT manifold. Type "d” and enter to open the DATA
manifold, here type filename.tzt. Now the data is saved in a format that
modern day computers are able to read.

To save the data to disk escape until SYSTEM is an option, type ”s” and hit
enter. The terminal of the computer is now shown. Type ”dir”, now type
"copy filename.tzt a:\” making sure that a disk is in fact in the computer.
Once this procedure is complete, the data will be stored on the disk as a .tzt
file.

To print the screen seen on the PHA, escape until UTIL (utility) is an option
on the PHA and type "u” and then enter. Now the utility manifold has been
entered, type ”p” and enter to open the PRINT manifold. Here type ”c¢” and
enter to open the SCREEN manifold, by default the PHA will have filled in
the printing option as "PRN” so just hit enter.

To identify a region of interest (ROI) or do more complicated things, see
the PHA user manual. It is recommened that the beginning and ending bin
numbers for both structures on the spectrum are recored for ease in analysis
later on.

VIII Data collection of the accidental coincidence rate.

A Maintaining the same settings as above, simply move PMT-B out of the direct

line of sight (approximately 25 degrees or more) while maintaining the distance
from the source to PMT-B. Read some liturature to understand why this is
done.

B Collect data with this new configuration for the same duration as above. This

data is effectively the background noise in the system, it will need to be taken

- out of the data collected in VI B to insure more accurate cross-sections.
C Save the data as indicated above.

IX Data analysis.

A The .trt files can be read by excel and other analysis programs, thus these

files should be saved to disk to be analyzed. The number of counts under each

o TS B SN G S PSS S, [, | R T RO ;S SR SRR
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B Talk to an instructor about the effect of the size of the crystal when analyzing
the cross-sections.

C Another good reference is: Radiation Detection and Measurement by Knoll.
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PHYSTECS 410/510

EXPERIMENT N-12 ¢
GAMMA-RAY DETECTION WITH SCINTILLATOR AND PHOTOMULTIPLIER,
APPLIED TO RADIATION FROM POSITRON-ELECTRON ANNIHILATION.

OBJECTIVE:

To become familiar with equipment and techniques
employed in the study of gamma-ray spectra with
scintillators, and to become familiar with the absorbtion
processes of gamma rays; specifically to make an approximate
measurement of the cross sections for Compton scattering and
photoelectric absorbtion of 0.51 MeV gamma-rays in Nal or KI
crystals.

REFERENCES:
*Hofstadter and McIntyre, Phys. Rev. BO, 631, 1950.
*Mimeographed Notes on Experiments N-12 and KN-13.

Hofstadter and McIntyre, Phys. Rev. 78, 617, 1950;
FBy NeLg, 1SS a

Corson and Wilsan, Rev. Sci. Inst. 19, 207, 1948: the
section on photomultipliers and scintillators.

Heitler, QUANTUM THEORY OF RADIATION, Oxford University
Press, Second Ed., 1944; pp.119-127 (photoelectric
effect), 146-160 (Compton effect), 1846-204 (pair
production), and 204-20%9 (positron—-electraon
annihilation).

Circuit diagrams (in laboratory near apparatus: please
do not remove them from the laboratory).
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REVISED NOTES ON OPERATION OF CIRCUITRY

These notes replace the paragraphs in the old notes
refering to the Electronic Circuits and Adjustments. It is
helpful, however, to read the o0ld notes to understand the
working of a Differential Discriminator, Calibration, etc.

1. Read the manuals for all the RIDL module type cilircuits,
l.e., single channel analyzer, coincidence unit, H.V.
supply, etc. Also read the manual for the gammascope
(Pulse Height Analyzer).

2. Refer to the Block diagram (Fig. 1) for the
interconnection of the various modules.

3. The use of an oscilloscope is essential in this
experiment. Use a pulser to become familiar with the
operation of the oscilloscope.

4. Observe the output of each amplifier on the
oscilloscope.

Adjust the counter-H.V. and the Amplif;er gain to get a

complete range of pulse heights with a NaS2 source. The
0.51 MeV annihilation gamma-ray should show a distinct
photoelectric "line", and the amplifier output should not be
saturated, i1.e., "squared off" for this pulse size. Bigger
pulses from the 1.28 MeV gamma-ray may be saturated at this
gain. To observe these clearly, lower the amplifier gain by
a factor of 2. Check that you are looking at annihilation

radiation by triggering the oscilloscope trace by the output
of the coincidence circuit.

Check the effect of the discriminator "threcshold"
setting by varying this threshold and observing the minimum
pulse visible when the trace is triggered by the

colincidence. (The discriminators should be operated in the
"inteqral" mode.) Notice that if the threshold is set too
low, it may cut off the smallest pulses. This may depend on
the behavior of the particular discriminator at a very low
thresheld. Alsc notice that a particular Amplifier-
Discriminator may "self-trigger" (i.e., with no input) if
the discriminator level is set too low and the amplifier
Qain too high. There is thus 3 minimum safe operating

threshold for each discriminator.

5. Observe the pulse shapes that actually make the
coincidence—--these are available at the "channel
monitor" points on the front of the COINCIDENCE
YRSt (Use an oscilloscope probe.) Adjust the
width of each pulse to a reasonable value (~0.5
AMsec.)

6. Adjust the "coincidence level" so that the scaler
counts coincidences. Check that the counting rate is
independent of this setting until the coincidence
level is set high enough to cut out all counts
completely. If this is not so, or the scaler does not



count at all, adjust the "Delay" of one input channel
with respect to the other until you find the setting
where a maximum counting-rate is obtained. Set the
coincidence level in the middle of the counting range.

7. Now take a "Delay Curve'" of the counting-rate vs.
relative delay between the two input channels. GSet
the relative delays to correspond to the middle of the
flat top of the curve.

8. THIS PROCEDURE SHOULD BE CARRIED OUT MOST ACCURATELY!
Mow check that the coincidence pulse for gating the
Pulcse-Height-Analyzer (PHA) arrives at the GATING
input of the PHA between 0.235 Asec and 0.5 nsec before
the arrival of the pulse to be analyzed at the INPUT of
the PHA. Do this by looking at these signals
simultaneously on the oscilloscope, triggering the

oscilloscope trace by the coincidence pulse. [t will
be necessary to use a delay (~3 Asec - 3.5 Nsec) in the
pulse input line to obtain the proper time
relationship. (Figure out why this is so.) For fine

adjustment, adjust the delays on the coincidence,
leaving the relative delay between the two channels
fixed.

@. Learn to use the PHA with an ungated input, i1.e.,
turn the PHA "GATING" switch to "Anti-coincidence”,
with no input to the COINCIDENCE INPUT of the FHA.

If everything is working satisfactorily, ths spectium
obtained with a COINCIDENCE gated input should look

very similar ta the "singles" spectrum.

To clean up the coincidence spectrum, you should adjust
the discriminator for the geometry-—-defining counter so that
only the photo-electric peak of the annihilation gamma-ray
gives an output (Analyzer Output) to the coincidence
= e I The discriminator can be used in its "Differential
Mode" . The threshold and window settings are to be adjusted
by analyzing the output of this chanmnel on the PHA and
observing that only the photo-electric peak appears in a
gated spectrum, and in the proper channels!



S26/

z/-N

Y S

$31N0d293 73 H40 WwIdu/C #2018 — [ 9/
sy =
! _
¥ISMUNY | s ,
YAIY IS 0L Ano _ _
A
_ “SSid WV |
LInvn
FINICIINIOD
200 (Coluniwiyssia)
= S ISATUNY
7
SLAdL00 oNIDD «;Gmwit
S TENNUHD - 319N15
&5 s
115
DINILYD Yo
LG NI TONI0 D & v&
: \ e B e N
Sl X H A o/ == _ @\;IL\KZ\ LSSL
ﬁ.dhd>mq IQ:\V el _ _ ”
LNJN/ 3ST0d _.dw_m dWY _ dWV-3¥d | M
o ano " ) | Ly
.LuﬂllA R e
BASATUNV ®

—

BTV R Ak el



o

Physics 380

Notes on Experiments N-12 and N-13

.

I. Introduction to anag General Description of the HMef

One means of detecting energetic chargsed
scintillations:i.e., characteristic licht em o)
cited by the electric field of 2 passing part iz 31
rather ancient and historic means of detection, but the ea
was done with materials such as zinc sulphide, which, like
other substances,strongly absorb their owm characteristic
Therefore, only the ligh% emitted at the surface was dete
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&Qihéyégare~semerar'outstanding advanvages of the scintillation
math°3)1fncludfﬁg theé following: '~ - - l
v‘l.%qhe?eﬁficiency for garma »ay detection and neutron detection

738 'high because of the density and thickness of the cryst
(or sclution). '

(2) The amount of 1ight produced can b
€nergy last. in the crystal and hen t the velocity or
energy of the parscicle or quantun datected.

(3)-T%e'dete¢tor can be placed in & vacuwsz, .
The pulses can be made very sharp in time, a2llowing fine
Time resolution and coincicance tachniques, - ‘

(5) High counting rates are possiblez, comvared with Geiger
counters, because therec is no deed time and no quenching
problem. - 5 e ‘ '
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uzed 2s a measure of th

|

The light is letected with a photommitiplier tube, shown
SChQM&tically in the diagrean. Light fallingz on a photosensitive
surface Produyces pnotoelectrons, Dhese are drawn to an electrode
Calle@ a 4yncde, being accelerztegd to evout 70-100  ev. on the way.

At this €nergy the efficilency or :lectron multiplication is high; i. s
mSre electrons are emitted from the dynode than strike it. The
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ergy dlssipated in the crystal.

ne amount of light st klng the photo- cathodf dstmnEiilnst

macion pfODOftﬁonal Lo the total energy dissipated in the
. The main causes of failurs of perfect pronozcloﬁﬁlity
variation of light collecting efficiency with positicn
siocn in the crystal, which veriation is greatly reduced

reflections occurring at the surfaces of the lucite mounti
dependence on specific lonization, or concentration of
sipated energy. The latter effect is small in the alkaii
CrVisitalls, '

¢ incident gamma ra/u\Lhe energy dissipated depends on the
Tion process. Pnotoelectric a osorption gives praciically
energy to electrous, Compteon offect glvcs a var iable

o 0f the energy dQQGOQLﬂG on the angle of scattering, and

cduction gives the initial energy minus twice the rest

ol an

al,

electron. Of course, in a thick crystal, Compton
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effect may-be followed by absorption of the scattered guantum,

ant in2 positron created in pair production may annihilate with zn
glectilon ané one or both of the resulting geamma rays may fail to
escane Such double absorption processes may cause as much energy
dissinaiion as tne photoelectric process, but they are not very
fregugnt in 2 crystel that is only about one centimeter thick.

The electrons and positrons that are produced are very iikely
to be brought fully to rest within the crystal. This 1s because
elecirons of around one Mev energy or less are very strongly
scetvered and do not follow straignht pzths. hevbrtheless,a fractioa
of those produced near the surface of a crystal will escape, thus

-, ts reducing the energy dissipation and causing a spread in pulse

height even if the produced electrons are monoenergetic. Ob-
viously, this effect grows worse with increasing energy.

o

2. Varietion in photocathode efficiency.

The ber of photoelectrons is presumably (CACth for purely
chence fluck vati oo) proportional to the amount of light incident
:on the o tocatnode. The constant of nrooortionallty depends on 3
the wavelength distribution of the 115n which 1s characteristic of ’
the crystal used, but independeﬁt of the cause of the excﬁtation. Al
-Practical surfaces are hot pevl ectly uniforim in their efficiency,
50 the number of photoelectrons dependz slightly on the wnich
1%'1*"’i1¢* :d and on the aae of the tube, & uy01cal Lfl
toelectron per ‘5 to 20 incident guanta of light.
tyve vary considerably from one to another, both
in uniformity of pulse height produced by c
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The charge multiplying factor at each dynode depends sensitively
on Tne zccelerating poubhtlal, end this factor enters to the tenth
: etermining the final pulse height.. Therefore an accurataly
woply is ecsential. A4 change of 70 volts (1/10 ¢ the
ed voltage with the 9319 tubes used in the presant ex-
anges the gain by & factor of at least tvio.

high VOLtage , Gischarges occur in the tubes and th:

faces cean be damaged. Unfortunately, the tubes are

lMost of our tubes operate best on one of the three

of the voltazge supdly. Do not go nLgner than the fifth
of th: tubes.
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it Iil Avscrpuion and Scabtering Processes of Gamma Rays )
. T = &

The gammo ray spectra o radioactive suostances consist ol
sets 0 narrow lines; but in order to ddentif'y theze lines or %o
count the nuwaber o Y rays walch interact in the crystal, one

‘ musc-teke into account the different vays in wnich Y Teys may
interactv, and the Tractions of the gamna ray energy given to
. electrons and positrons (and thus dissipated in the Crystal)
by the dirfferent processes, :

NGNS strongly recommended that the student study these
processes by malking Grapns of relations derivable from tre
rormulas given in the Heitler rerference, or in some Other,
equivalent source.- Suggested graphs which are highly in-
structive are: , S )

: (1) Protcelectric absorption coefficient per cm. vs, gamma
) ray energy, in NeI or KI'(depending on which crystal is ) kf
; used in this experiment), in anthratenerand .in lucite. A 13
. log-log graoph is best, Note that the equation derived #© .
s s

under the Born approximation is all right for smail Z,

but that the_correction is a factor of about 2.5sfor Sn{z=50)

and hence forsiodine  (z = 83} alge, T e M ‘

Total ‘probability per cm for Compton effect vs. gamma ray. ...

e€nérgy, -in the same materials as above,

?air oroduction prcbability per cm VS. gamma ray energy in
iese materials. . '

rergy of scattered guantun in Compton efrfect vs. anzie orf

aveering for various initial energles; and energy ol the -

il electrons plotted on the same graph, & semi-1o3

is best,* : , s

on scattering<probability per unit solid angle vs., an
ttering, for various initial energies (semi-loz zrepn
5

& b4

NG

Ly = el |

e

LSO KRG
=
tes

(o3
OO

gy distribution of the Compton recoil electrons for
ous initial quaniunm energies.

<tyr o

s 1
ommended) .
e

&

For these grapns, the w ray'energies,of interest extend
Irom about 1/2 mc? (1/% Mev), which is approximately the
everage energy of the quanta resulting from scattering of
annihllation radiation, up vo aboug_ 5 or 6 Mmce, near the
energy of the gamma reys from Th ¢11] and near’ the meximum
energy ol gamma rays {rom natural radioactive sources.

ith these curves, the expected pulse height distri-
on (ignoring vemporarily the imperfection of resoiu
hie photomultiplier and. the pulsé-height discrimina:

Galk o
t i)
2

® O ct

of whilch a few pertinent examples will be given.

1

Firsi consider a single erystal responding to radiation frem
a Nu€e source. Individual atoms in the source emit a posi-
cron of 0.58 Mev and then (after a negligible time delay) go
Lo the ground stase of Ners< vy emitting a gemma ray orf

1.30 ¥ev. Tne Positron comes to rest in a short distance
becaus: of ionization and scattering, whereupon it combines
with an electron and the pair is annihilated, Droducing Two
ganmma rays. Since momentum and energy are conserved, these
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gamma rays travel in opposite
a unique engrgy, mcc., The ha
or 8.2 x 10 secy, (mean life

second about 107° of the radi

I f:'/.r" § &f 4

N-12 and N-13, pP. 5

directions, and 'all have practically
1f-1ife of Na®® is about 2.6 years
1.18 x 109 sec), Therefore, each
oactive nuclei d;i}ntpgrate, the net

products in each case being two gamma rays of“#)}mecc = 1 in

opposite directions and one G
random direction relative to

Some of the gamma rays wil
the crystal and not reach the
scattering in the lucite or o
rays may enter the crystal,

- of Compton-scattered gamma ra

side and interact there is ab

~ gamma rays that undergo Compt
~ duce secondary gamma. rays tha

addition to the gamma rays or
the crystal, there ig g spect

of lower energy and intermedi.

The pulse height d%stribut
{1) a peak at 2,55 mc2 due to
quanta, plus Compton effect a
the secondariles are also abso
bhotoelectric cross-section 1
(E} A (ompton recoil distribu
tedding from this energy down
the 1.3 Mev quanta,

{3) A pronounced peak at 1.0

the annihilation quanta, whic
gammas and also have much gre
peak contains contributions d

fecondary fails to get out of

{4%) A Compton recoil distribu

Compton scattering of annihil
roughly constant strength bgt
(5) & small peak at 0.55 mc
quanta. There is, 1n additio
distribution between 0.55 and
the position annihilates and
agﬁorbed or scattered.

A£9) A distribution extending

celtered gamma rays (origina
(7) & distribution extending
rays (originally 1 mc?) enter
in effect, because of the lar
fact that the pulses are not
Pulses of all sizes due t

radiation besides the Na
Subtracted because their freq
source is removed,

amma ray of E;/hCE = 2,55 in a
the others.

1l be absorbed in the lucite surrounding
latter. Others will undergo Compton
ther surroundings and the scattereq
It is easy to show that the number
¥S which enter the crystal from out-
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By considering the values of the cross sections for the
_ apove processes at the various’ energles concerned, it 1s possible
. to predict the appearance of the composite pulse helght distri-

... pution. This will not be done here. It is apparent, however,
.~ that two parts.of the_curve..should.be. outstanding - the photo—

é1ectric peak of the. annjhmlauign quanta and the upper edge of
the -Compton effect.distribution of..the same qusnta. It should be
possnble Lo decompose an experimental distribution fairly
reliably into the components llsted above, and by measuring the
areas of the various parts of the curve to estimate the fre-
- quencies of occurrence of the varlous processes.

, It is also apparent that if an unknown spectrum 1is as simple
" as the one in this i1llustration, i1t would be possible to determine
_ the energies accurately, and relative intensities approximately,

. of the gamma ray lines. However, if the spectrum is complicated
. by having, say, four or more 1ines present the complexlty of the
e experimental pulse height distribution would confuse the results
and a determination of the spectrum would not be feasible.

Some improvements are possible. By collimatlon, one can

reduce the number of scattered quanta that enter the crystal. By
changing the type of crystal one can change the relative helghts of
various peaks, since the cross-sections per atom go apprOhlmatcly o
as Z for Compton effect, 72 for pair production and 22 for photo-
el ectrlc eflect Two other experimental situations will be
described, however, to 1llustrate more powerful methoas provided
by coin01dence techniques.

%uppose that coincidences are required hetween a pulse in
one crystal and a pulse is a second one, wlth the Na22 source
situated between the crystals on the line Jjoining them. Then,
hecause of the directional correlation and time correlation of the.
gamma rays produced by positron-electron annilihation, these gomma |
rays will be recorded with much more efficlency then any other;
end the pulse height distribution will be simple to interpret.

This technique 1ls exploited in experiment N-12,. P

Alternatively, suppose that the source is moved slightly-
out of liwe so that no straight line can connect the source and
both crystals. Let the discriminator bilas of cne crystal be setl
below mc? and the ‘bias of the other be set beitween rcg and 2.55 mc?
Then the annihilation radiation alone cannot be recordced by
coincidences between the crystals. Because c¢f the time correlation
and the biases set, the coincidences will practically all he due to
an annihilation quantum in the crystal with the lower bias and a
1.3 Mev quantum in the crystal with the higrer bias. Again, the
pulse height distribution in each crystal and its interpretation
would be comparatively simple. '

Thirdly, imagine one crystal .irradiated by the source, and
@ second crystal well shielded from the source but not shielded
from the first crystal. Let the positions be such that the second
crystal can recelve radiation that has undergone Compton scattering
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and their Mountings

\ In this experiment we use Nal crystals activated
with traces of Ti. hese crystals were grown comnertially
from highly purified chemicals. They are sesled in thin
walled aluminum containers with a front window of Lucite to
avoid detericraticn dueto moisture. The crystal is mounted
against the face of the photomultiplier, using a grease for
optical seal, and held in place by tape. The whole assembly
is covered with black tape to protect it from room light..

A

V. The Electronic Circuits: Adjustment and Periodic Cheéking of
{ . 2 f O G

the Discriminator - . o A

! ’

1. High voltage supply:

A circuit diagram is in the laboratory. The su ply
has four outputs, and they should be quite independently
variable (in steps provided by the tap switches), since the
outputs are through cathode fdlowers. Therefore the ocutputs are
adequate for two simultaneous coincidence experiments. s

The voitage range is approximately 700-1400 volts,

.

negative. B o _ _

The only feature of the four cutputs in which they
are not independent is that they are dll cnntrolled by the same
on-cfi switch. Therefcre all four terminals are 'hot" 5if the
switch is on. To prevent possible damage to tubes left
connected but not in use, turn all outputs to the lowest tap
before turning the supply on.

The supply is exceptionally well regulated! but the output
will vary slightly until thermal equilibrium of the resistor is
reached. Therefore the supply should be on for at least a half
hour before taking final sets of measurements. y

2. Photomultiplier: Tube type is indicated'qn_base of tube.
The cathodes are rum at high negative potential and the collectors
near greund.

5. Preamplifiers: Each contains a set of resistors to‘subdivide
the high negative voltage for distribution to the dynodes of the
Photomultiplier, a filter condenser for the high voltage, a one-tube
amplifier with cathode degeneration (gain 4-5) and a cathode
fellower output. '

°

Amplifiers:

Each chassis contains two independent amplifiers.’ g
£ these is one loop (3 tubes) of a Model 501 degenerative ampl
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(described in book by Elmore and Sands, also in Laboratory of
ﬁuclear Studies circuit manual), with two cathode follower

cutputs connected to cach amplifiey, Normally only one output

of each amplifier is used; the second output allows one to look at
the pulses on an oscilloscope without disturbing the pulses
reaching the discriminator.

The gain control has an "off" position (tap 1), and the
other positions attenuate the pulses by factors nowninally equal
to 16, 8, 4, 2 and 1 (taps 2 to 6 respectively). These factors
cannot be depended on accurately. The maximum gain of. the
amplifier is about 100, and therefore the maximum gain of
amplifier plus preamp is about 400. -

Standard Pulse Generator, Model 100.-

: This pulse generator is shared between experiments N-12
ard N-13 and is essential for setting and checking the discriminator
circuits, and incidentally for testing the preamplifier and
amplifier. The maximum pulse output is 1.00 volts; smaller pulsés
are available in steps provided by a tap switch. The pulse height
is'given by the product of the scale reading on the meter and the
value indicated by the tap switch. The circuit diagram is

described by Elmcre and Sands. '

6. Scaling Circuits:

Scalers are provided to register the counting of the
various channels, '

7. Double Differential Discriminator

It is essential to become familiar with this instrument:

The -chassis contains two differential discriminators,
each with both an '"integral" output and a "differential" output,
a coincidence circuit, and a scaler driver. Each differential
discriminater is made up of a window amplifier, two discriminators
and an anticoincidence circuit. A block diagram of the experiment
along with circuit diagrams of the window amplifier, discriminators,a
coincidence circuits, coincidence circuit and scaler drivers are
available in the laboratory. The input of scaler driver (1) can be
Cornected to the integral, veto, or differential output of the
differential discriminator (1) by placing the selector switch (1)
in position 1, 2, or 3 respectively. Scaler driver (2) can be
similarly connected to the differential discriminator {2) by the
scaler (2) switch. The fourth position of both switches cornects
the corresponding scaler driver to tha utput of the coincidence
Circuit, - :
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Bysically, the incoming pulse is analyzed in iche e iowing
‘way. The window amplifier is essentially a non linear enplii Loy
which amplifies the pulses only if they are greater than =@ cevtair
amplitude. In this amplifying range, two discriwinators are
arranged to be triggered by the pulse if the amplitude should be
great enough. The discriminator is a trigger circuit which
generates a shaped pulse of the order of one microsccond duraticn
whenever the signal on its input exceeds an established voltage.
By having two such discriminators with triggering voltages one
greater than the other, we have a mechanism for determining when an
incoming pulse generates a signal voltage which falls bztween these
two levels. If the amplitude is not sdfficient, neither discriminator
is triggered. If it exceeds the first discrimination level ‘the first
discriminator fires alone. 1If it exceeds the second discriminator
level, then both discriminators are triggered. It is then only

. necessary to have an anticoincidence circuit to arrange -things so

28
that if the first discriminator fires alone, a signal is passed
to the scaler, but if both discriminators fire, the second digcri-
minator ''vetoes" the pulse from the first one and no signal is
transmitted. In order to ensure precise operation, the shaped 9
output pulse of the first discriminator is made to be scme what
shorter than that of the second, and is delayed by a few tenths of
a microsecond to make sure that the veto pulse is overlapping. The
veto pulse from the second discriminator is connected internally.
to the anticoinidence circuit by way of a toggle switch. By opening
the toggle switch, the veto signal may be removed, then the output
of the discriminator responds to every pulse exceeding the first
discrimination level, thus giving an"integral'' rate, that f8, it

counts the integral of all pulses exceeding this level. The 16 rturn
helipot controls the lower discrimination level waile the "window
width" controls the increment between the lower and upper
discrimination levels. In principle this interval should be
independent of the lower discrimination. level. This lcwe: level is
sometimes called the "lower bias™, or "base line setting'.

The outputs of the two differential discriminators pass
the coincidence circuit where coincidences are taken with a 1
time of about one microsecond. The output of this coinciden

may be registered on a scaler. :

olvi
ek 1h aleli b s
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Calibratijon of linearity, zero set and window width.

1. Test Pulses.

Test pulses, approximately 3 usec in length, are desired
similar to those produced by the photomultiplier units under actual
operation. - Connect the output of the Model 100 Pulcer to the test
pulse pre-amplifier. This unit will differentiate and invert the
120 usec negative pilse from the Model 100 and give a positive out-
Put pulse of about 3 usec duration. The power supply for this
Pre-amp is taken from one of the power supply jacks on the Model 50
Pulse Amplifier. Connect the output of the test pulse pre-amp to
the Model 50 Pulse Amplifier. The test pulses fer calibration of
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the discriminators are then taken from the curput of thisg
amplifier. S ¥
oA
5, Calibration of the dis scriminator.

Feed the test PJLS“S to the input cf the differential
discriminator. Choose a window width, then for a given pulse
height input from the pulser, find the discriminaticn level at
which the differential woutput first begins tc fire as the
discrimination level is lowered. Then determine the level at
which it ceases to fire as it is further lcwered, that is, as the

pulse is made to exceed the level of the upper discriminztor. (In
order to locate the approximate level of pulse heights.required it
may be convenient to ccunt first at the "integral" output.) The
measurement of upper and lower discrimination levels should then be
repeated for a variety of signal amplitudes to permit the construce-
tion of & curve of discrimination level versus pulse height in.
A corresponding curve of window width may alsc be made. The
discrimination level curve extrapolated back to zero signal
amplitude gives the zero correction which muast be made for the

helipot setting.

N0y

Procedure : - PR

In this experiment; we wish to mezasure the puls
gspectrum of the photon spe ctrum produced in one crystal
‘oxide when taken in c01nCLden e ‘with the detesction c¢f a photon in
'a second crystal using photons ar151ng Irom the annibil
of the positrons from NaZ22,
1. Use the pulser to check calibration of relative gain of the
apmlifier in varicus settings. .
Z. Use the pulser to check linearity, zero and gate widths of
the discriminators, - '
5. Take the pulse height distributions with the differential
discriminators for each crystal independently. You should be
able to observe both the 0.5 and the 1.28 mev lines. First
set the 0.5 mev line at about half SLalQ, (about 25 volt pulse
Then, in corder to see the 1.28 mev line, reduce the gain of the

amplifier by a factor of 2.

r/)

).
e

4, Set the counters about 40 cm apart, with the source between
them. Observe coincidences using the widest gate widths centered
at 0.5 mev. Check that the coincidences are real by moving the
source out of line:. Now align the source with the scurce closer to
cocunter A than to counter B in order to make sure that counter B
defines the sclid angle of the annihilation photon piris detected
by the system. Then set the gate width for counter B in posit
centered sbout the annihilation peak, then observe spectrum in

b
0
=
f

.
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counter A, with gate width in position 1.

5. Under the same geometry as above; measure the rate in counter
3 alone, {that is without requiring a coincidence with A). This
measurement combined with that of the aies Dittcarul spectrunm in.A
permits a calculation of the efficiency of counter A for photons
the energy of the annihilation radiation, A measurcmert of the
coincidence rate of counter B with the integral rate in countexr A
Jor -two different biases suitably chosen will simplify the efforg
required in this calculatioen.

6. The accidental coincidence rate may be determined by measure-
ments with the source misaligned.

7. From your data, make an estimate of the relative Compton and
Photcelectric cross-sections,

0
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