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PRfiDlCTED RESPONSE FUNCTiONS 

Ill. PREDICTED RESPONSE FUNCTIONS 

A. "Smallv Detectors 

As an example of one extreme in gamma-ray detector behavior, we first examine the 
expected response of detectors whose size is small compared with the mean free path of 
the iecondary ganpna rndiotions produced in interactions of the original gamma rays. 
These secondary radiations consist of Compton scattered gamma rays, together with 
annihilation formed at the end of the tracks of positrons created in pair 
production. Becase  the mean free path of the secondary gamma rays is typically of the 
order of several centimeters, the condition of "smallness" is met if the detector dimen- 
sions do not exceed 1 or 2 cm. At the same time, we retain our original simplifying 
assumption that all charged particle energy (photoelectron, Compton electron, pair 
electron, and positron) is completely absorbed within the detector volume. 

The predicted electron energy deposition spectra under these conditions are il- 
lustrated in Fig. 10-2. If the incident gamma-ray energy is below the value at which pair 
production is significant, the spectrum results only from the combined effect of Compton 
scattering and photoelectric absorption. The continuum of energies corresponding to 
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Flgure 10-2 Tbe "small detector" extreme in gamma-ray spectroscopy. The processes 
of photoelectric absorption and single Compton scattering give rise to the low-energy 
spectrum at h e  left. At higher energies, the pair production process adds a double escape 
peak shown in the spectrum at the right. 
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Compton scattered electrons is called the Compton conlinuum, whereas the narrow peak 
corresponding to photoelectrons is designated as the photopeak. For the "small" detector, 
only single interactions take place, and the ratio of the area under the photopeak to the 
area under the Compton continuum is the same as the ratio of the photoelectric cross 
section to the Compton cross section in the detector material. 

If the incident gamma-ray energy is sufficiently high (several MeV), the results of pair 
production are also evident in the electron eneigy spectrum. For a small detector, only the 
electron and positron kinetic energies are deposited, and the annihilation radiation 
escapes. The net effect is to add a double escapepeuk to the spectrum located at  an energy 
of 2m,c2 ( -  1.02 MeV) below the photopeak. The term double escape refers to the fact 
that both annihilation photons escape from the detector without further interaction. 

6. Very Large ~ e h c t o r s  

As an opposite extreme case, imagine that gamma rays could be introduced near the 
center of a very large detector, perhaps in an arrangement resembling that of Fig. 10-3. 
The detector dimensions are now assumed to be sufficiently large so that all secondary 
radiations, including Compton scattered gamma rays and annihilation photons, also 
interact within the detector active volume and none escapes from the surface. For typical 
gamma-ray energies, this condition would translate into requiring detector dimensions on 
the order of many tens of centimeters, unrealistically large for most practical cases. 

Nonetheless, it is helpful to see how increasing the detector size greatly simplifies its 
response function. Some typical histories, obtained by following a particular source 
gamma ray and all subsequent secondary radiation, are sketched in Fig. 10-3. If the initial 
interaction is a Compton scattering event, the scattered gamma ray will subsequently 
interact at some other location within the detector. This second interaction may also be a 
Compton scattering event, in which case a scattered photon of still lower energy is 
produced. Eventually, a photoelectric absorption will occur and the history is terminated 
at  that point. 

It is important to appreciate the small amount of time required for the entire history 
to take place. The primary and secondary gamma rays travel at the speed of light in the 
detector medium. If the average migration distance of the secondary gamma rays is of the 
order of 10 crn, the total elapsed time from start to finish of the history will be less than a 
nanosecond. This time is substantially less than the inherent response time of virtually all 
practical detectors used in gamma-ray spectroscopy. Therefore, the net effect is to create 
the Compton electrons at  each scattering point and the final photoelectron in time 
coincidence. The pulse produced by the detector will therefore be the sum of the 
responses due to each individual electron. If the detector responds linearly to electron 
energy, then a pulse is produced which is proportional to the total energy of all the 
electrons produced along the history. Because nothing escapes from the detector, this 
total electron energy must simply be the original energy of the gamma-ray photon, no 
matter how complex any specific history may be. The detecfor response is therefore the 
same as if the original gamma-ray photon had u n e g o n e  a simple photoelectric absorption in 
a single step. 

The same type of argument can be used if the history involves a pair production 
event. The annihilation photons formed when the positron is stopped are now assumed to 
interact through Compton scattering or photoelectric absorption elsewhere in the detec- 
tor. Again, if the detector is large enough to prevent any secondary radiation from 
escaping, the sum of the kinetic energies of the electron-positron pair and subsequent 
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Photoelectric ebs. 

Flgure 10-3 The "largc detector" extreme in gamma-ray spectroscopy. All gamma-ray 
p h o t l P i o  matter how complex their mode of interaction, ultimately deposit all their 
energy in the detector. Some representative histories are shown at the top. 

Compton and photoelectrons produced by interaction of the annihilation radiation must 
equal the original gamma-ray photon energy. Therefore, the detector response is again 
simply proportional to the original gamma-ray energy. 

The conclusion to be reached is therefore very simple: If the detector is sufficiently 
large and its response linearly dependent on electron kinetic energy, then the signal pulse 
is identical for all gamma-ray photons of the same energy, regardless of the details of each 
individual history. This circumstance is very fortunate because the detector response 
function now consists of the single peak shown in Fig. 10-3 rather than the more complex 
function shown in Fig. 10-2. The ability to interpret complex gamma-ray spectra involv- 
ing many different energies is obviously enhanced when the response function consists of 
a single peak. 

By common usage, the corresponding peak in the response function is called the 
photopeak, just as in the case of the small detector. It should be realized, however, that in 
addition to simple photoelectric events, much more complex histories involving multiple 
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Compton scattering or pair production also contribute pulses that fall within this peak. A 
better name is the full-energy peak because it represents all histories in which all of the 
original gamma-ray energy is fully converted to electron kinetic energy. 

C. Intermediate Size Detectors 
Real detectors of the sizes in common use for gamrn&-ray spectroscopy are neither small 
nor large by the standards given above. For usual geometries in which the gamma rays are 
incident externally on the surface of the detector, even Inrge-volume detectors appear 
finite because some interactions will take place near the entrance surface. Normal detector 
response functions therefore combine some of the properties discussed for the two 
previous cases, as well as additional features related to partial recovery of the secondary 
gamma-ray energy. Some representative histories that illustrate these added possibilities 
are shown in Fig. 10-4, together with corresponding features in the response function. 

The spectrum for low to medium gamma-ray energies (where pair production is not 
significant) again consists of a Compton continuum and photopeak. Now, however, the 
ratio of the area under the photopeak to that under the Compton continuum is 
significantly enhanced over that for the very small detector due to the added contribution 
of multiple events to the photopeak. The lower the incident gamma-ray energy, the lower 
will be the average energy of a Compton scattered photon and the corresponding average 
distance of migration. Thus, even detectors of moderate size will a ear to be large, and 
the relative area under the photopeak increases with decreasing in%& photon energy. 
At very low energies (say, < 100 keV) the Compton continuum may effectively disappear. 

At medium energies, the possibility of multiple Compton scattering followed by 
escape of the final scattered photon can lead to a total energy deposition that is greater 
than the maximum predicted by Eq. (10-4) for single scattering. These multiple events can 
thus partially fill in the gap between the Compton edge and the photopeak, as well as 
distort the shape of the continuum predicted for single scattering. 

If the gamma-ray energy is high enough to make pair production significant, a more 
cdmplicated situation prevails. The annihilation photons now may either escape or 
undergo further interaction within the detector. These additional interactions may lead to 
either partial or full-energy absorption of either one or both of the annihilation photons. 

If both annihilation photons escape without interaction, events occur that contribute 
to the double escape peak discussed previously. Another relatively frequent occurrence is 
a history in which one annihilation photon escapes but the other is totally absorbed. 
These events contribute to a single escape peak, which now appears in the spectrum at an 
energy of rn&' (0.511 MeV) below the photopeak. A continuous range of other possibili- 
ties exists in which one or both of the annihilation photons are partially converted to 
electron energy through Compton scattering and subsequent escape of @e scattered 
photon. Such events accumulate in a broad continuum in the pulse height spectrum lying 
between the double escape peak and the photopeak. 

, The response function to be expected for a real gamma-ray detector will depend on 
the size, shape, and composition of the detector, and also the geometric details of the 
irradiation conditions. For example, the response function will change somewhat if a 
point gamma-ray source is moved from a position close to the detector to one that is far 
away. The variation is related to the diKerences in the spatial distribution of the primary 
interactions that occur within the detector as the source geometry is changed. In general, 
the response function is too complicated to predict in detail other than through the use of 
Monte Carlo calculations, which simulate the histories actually taking place in a detector 
of the same size and composition. 
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Flgure 10-4 The case of intermediate detector size in gamma-ray spectroscopy. In 
addition to the continuum from single Compton scattering and the full-energy peak, the 
spectrum at the left shows the influence of multiple Compton events followed by photon 
escape. The full-energy peak also contains some histories that began with Compton 
scattering. At the right, the single escape peak corresponds to initial pair production 
interactions in which only one annihilation photon leaves the detector without further 
interaction. A double escape peak as illustrated in Fig. 10-2 will also be pment due to 
those pair production events in which both annihilation photons escape. 

Some properties of the response function are of general interest in gamma-ray 
spectroscopy. The phorofraction is defined a s  the ratio of the area under the photopeak (or 
full-energy peak) to that under the entire response function. It is a direct measure of the 
probability that a gamma ray that undergoes interaction of any kind within the detector 
ultimately deposits its full energy. Large values of the photofraction are obviously 
desirable to minimize the complicating effects of Compton continua and escape peaks in 
the spectrum. 

At high gamma-ray energies, the single and double escape peaks are quite prominent 
parts of the response function and can, under some circumstnnces, become larger than the 
photopeak. The ratio of the area under the single or double escape peak to the area under 
the photopeak is also a widely quoted property of the response function which can help in 
the interpretation of complex spectra. 
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D. Compllcatlons In the Response Function 

1. SECONDARY ELECTRON ESCAPE 
If the detector is not large compared with typical secondary electron ranges, a significant 
fraction of the electrons may leak from the detector surface and their energy will not be 
fully collected. This erect is enhanced for high gamma-ray energies for which the average 
secondary electron energy is also high. Electron leakage will tend to distort the response 
function by moving some events to a lower amplitude from that which would be observed 
if the entire electron energy were collected. The shape of the Compton continuum will 
therefore be altered somewhat to favor lower amplitudes. Because some events will be lost 
from the photopeak, the photofraction will be reduced as compared with the situation in 
which electron leakage is not important. 

2. .BREMSSTl7AHLUNG ESCAPE 
One of the mechanisms by which secondary electrons lose energy is by the radiation of 
bremsstrahlung photons. The fraction lost by this process increases sharply with electron 
energy and becomes the dominant process for electrons with energy over a few MeV (see 
Chapter 2). Even though the electron itself may be fully stopped within the detector, there 
is a possibility that some fraction of the bremsstrahlung photons may escape without 
being reabsorbed. The effects on the response function are similar to those described in 
the previous paragraph for electron escape and are again most important when the 
incident gamma-ray energy is large. For both secondary electron or bremsstrahlung 
escape, the effects arc to change the shape of the response function somewhat, but peaks 
or sharp features are not introduced. 

3. CHARACTERNTIC X-RAY ESCAPE 
In the photoelectric absorption process, a characteristic X-ray is emitted by the absorber 
atom. In the majority of cases this X-ray energy is reabsorbed fairly near the original 
interaction site. If the photoelectric absorption occurs near a surface of the detector, 
however, the X-ray photon may escape. In this event, the energy deposited in the detector 
is decreased by an amount equal to the X-ray photon energy. Without the X-ray escape, 
the original gamma ray would have been fully absorbed and the resulting pulse would 
have contributed to the photopeak. With escape, a new category of events is created in 
which an amount of energy equal to the original gamma-ray energy minus the characteris- 
tic X-ray energy is repeatedly deposited in the detector. Therefore, a new peak will appear 
in the response function and will be located at a distance equal to the energy of the 
characteristic X-ray below the photopeak. These peaks are generally labeled "X-ray 
escape peaks" and tend to be most prominent at low incident gamma-ray energies and for 
detectors whose surface-to-volume ratio is large. Examples are shown in the spectra of 
Figs. 10-10 and 13-7. 

4. SECONDARY RADIATIONS CREATED NEAR THE SOURCE 

a Annihilation Radiation 
If the gamma-ray source consists of an isotope that decays by positron emission, an 
additional peak in the spectrum at 0.511 MeV is to be expected from the annihilation 
photons created when the positron is stopped. Most standard gamma-ray sources are 
encapsulated in a covering sufficiently thick to fully stop all the positrons, and thus they 
undergo annihilation in the region immediately surrounding the source. This region 
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therefore acts as a source of 0.511 MeV annihilation radiation, which is superimposed on 
the gamma-ray spectrum expected from decay of the source itself. 

b. Bremsstrahlung 
Most common gamma-ray sources decay by beta-minus emission, and the source encapsu- 
lation-is usually also thick enough to stop these beta particles. In other cases, an external 
absorber may be u s d  to prevent the beta particles from reaching the detector where their 
energy deposition wpuld needlessly complicate the ganuna-ray spectrum In the absorp- 
tion process, however, some secondary radiation in the form of bremsstrahlung will be 
generated and rnv reach the detector and contribute to the measured spectrum. In 
principle, the bremsstrahlung spectrum may extend to an energy equal to the maximum 
beta particle energy, but significant yields are confined to energies that are much lower 
than this value. Some examples of bremsstrahlung energy spectra are given in Fig. 10-5, 
which illustrates the shape of the spectrum favoring low-energy brcmsstrahlting photon 
emission. Because these spectra are continua, they do not lead to peaks in the recorded 
spectra but rather can add a significant continuum on which all other features of the 
gamma-ray spectra are superimposed. Because the bremsstrahlung contribution cannot 

Channel 

ngure 10-5 Shape of the brcmsstrahlung spectra produced by beta particles with the 
indicated endpoint energies. (From Heath.') 



simply be subtracted as a background, its inclusion can lead to errors in quantitative 
measurements of areas under peaks in the gamma-ray spectrum. To minimize the 
generation of brernsstrahlung, the use of beta absorbers made from low atomic number 
materials, such as beryllium, is often preferred. 

5. EFFECTS OF SURROUNDING MATERIALS . 
In any practical application, a detector used for gamma-ray spectroscopy is surrounded 
by other materials that can have a measurable influence on its response. At a very 
minimum, the detector is encapsulated to provide a barrier against moisture and light or 
is mounted within a vacuum enclosure.~To reduce natural background, most gamma-ray 
detectors are also operated within a shielded enclosure. The gamma-ray source itself is 
often part of a larger sample of the material or is contained within some type of 
encapsulation. All these materials are potential sources of secondary radiations that can 
be produced by interactions of the primary gamma rays emitted by the source. If the 
secondary radiations reach the detector, they can influence the shape of the recorded 
spectrum to a noticeable extent. Some possibilities are illustrated in Fig. 10-6. 
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Flguro 10-6 Influence of s h d i n g  materials on detector response. In addition to 
the expected spectrum (shown as a dashed line), the representative histories shown at the 
top lead to the indicated corrsponding features in the respoase function. 
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Flgure 10-7 Variation of scattered gamma-ray energy with scattering angle. 

a. Backscattered Gamma Rays 
Pulse height spectra from gamma-ray detectors often show a peak in the vicinity of 
0.2-0.25 MeV, called the backrcarfer peuk. The peak is caused by gamma rays from the 
source which have first interacted by Compton scattering in one of the materials 
surrounding the detector. Figure 10-7 shows the energy dependence of these scattered 
gamma rays as a function of the scattering angle. From the shape of these curves, it can 
be seen that any scattering angle greater than about 110-120" results in scattered photons 
of nearly identical energy. Therefore, a monoenergetic source will give rise to many 
scattered gamma rays whose energy is near this minimum value, and a peak will appear in 
the recorded spectrum. The energy of the backscatter peak will correspond to Eq. (10-3): 

In the Limit that the primary gamma-ray energy is large ( h v  B rn,$/2), this expression 



. -- 

reduces to 

. 
Thus, the backscatter peak always occurs at an energy of 0.25 MeV or less. 

b. Other Secondary Radiations 
In addition to Compton scattering, othkr interactions of the primary gamma rays in the 
surrounding materials can give noticeable peaks in the rwrded  spectrum. For example, 
photoelectric absorption in the materials immediately surrounding the detector can lead 
to generation of a characteristic X-ray that may reach the detector. If the atomic number . . 
of the material is high, the X-ray photon will be relatively energetic and can penetrate 
significant thicknesses of intervening material. Therefore, high-Z materials should be 
avoided in the immediate vicinity of the detector. On the other hand, the most effective 
shielding materials are those with high atomic numbers such as lead. A graded shield is 
one in which the bulk of the shield is made from high-Z materials, but the inner surface is 
lined with a material with lower atomic number. This inner lining serves to absorb the 
characteristic X-ray emitted by the bulk of the shield, at the same time emitting only 
low-energy or weakly penetrating X-rays of its own. 

If the energy of the primary gamma rays is high, pair production within surrounding 
materials can give a significant yield of annihilation radiation. A peak can therefore 
appear at 0.511 MeV in the spectrum from the detection of these secondary photons. 
There is a danger of confusing this peak with that expected From annihilation radiation 
produced by radioactive sources that are positron emitters, and care must therefore be 
exercised in identifying the source of these annihilation photons. 

E. Summation Effects 
Additional peaks caused by the coincident detection of two (or more) gamma-ray photons 
may also appear in the recorded pulse height spectrum. The most common situation 
occurs in applications involving an isotope that emits multiple cascade gamma rays in its 
decay, as illustrated in Fig. 10-8. If we assume that no isomeric states are involved, the 
lifetime of the intermediate state is generally so short that the two gamma rays are, in 
effect, emitted in coincidence. It is then quite possible for both gamma-ray photons from 
a single decay to interact and deposit all their energy within a time that is short compared 
with the response time of the detector or the resolving time of the following electronics. If 
enough of these events occur, a sum peak will be observable in the spectrum which occurs 
at a pulse height that corresponds to the sum of the two individual gamma-ray energies. A 
continuum of sum events will also occur at lower amplitudes due to the summation of 

. partial energy loss interactions. 
The relative number of events expected in the sum peak depends on the branching 

ratio of the two gamma rays, the angular correlation that may exist between them, and 
the solid angle subtended by the detector. A complete analysis is often quite complex, but 
the following simplified derivation illustrates the general approach that can be applied. 

Let c, be the intrinsic peak efficiency of the detector for gamma ray 0, and let il be 
the fractional solid angle (steradians/rln) subtended by the detector. Then the full-energy 
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Flgure 10-8 Simplified nuclear decay scheme which can lead to summation cKects in 
gamma spectra Provided the intermediate state (at E,) is short-lived, yl and y2 are 
emitted in virtual coincidence. . . 

peak area for gamma ray a in the absence of summing effects is 

where S is the number of source decays over the observation period and y, is the yield of 
gamma ray a per disintegration. Applying the same definitions to gamma ray 0, we 
obtain 

N2 - ~ ~ Q S Y Z  (10-10) 

The probability of simultaneous detection of both gamma rays is the product of both 
individual detection probabilities, multiplied by a factor W(OO) to account for any 
angular correlation between the gamma-ray photons. W(OO) is defined as the relative yield 
of y, per unit solid angle about the 0" direction defined by the detector position, given 
that yl is emitted in the same direction. Then the sum peak area should be 

The summation process not only creates the sum peak but also removes events that 
would otherwise fall within individual gamma-ray full-energy peaks. The remaining 
number of full-energy events for yl is [from Eqs. (10-9) and (10-ll)]  

Because a, coincident event of any kind from y, (not just a photopeak event) will remove a 
count from N,, the detection efficiency a, should now be interpreted as the intrinsic total 
efficiency. For these losses to remain small, the fractional solid angle Q is often restricted 
to small values to kecp the second term in the above equation much smaller than the first. 
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If the solid angle is too large, quantitative measurements based on determination of the 
area under full-energy peaks can be in error unless an accounting of the second term is 
p ro~ided .~  

The summation process described above involves multiple radiations from the same 
nuclear decay event and therefore is classified as a,true coincidence by the definitions - 
given in Chapter 17. Another process can also lead to summed pulses due to the 
accidental combination of two separate events from independent decays that occur closely 
spaced in time. Because the time intervals separating adjacent events are randomly 
distributed, some will be less than the inherent resolving time of the detector or 
pulse-processing system. These chance coincidences increase rapidly with increasing 
counting rate and will occur even in the absence of true coincidences. A corresponding ' 
sum peak can therefore appear in spectra from isotopes that emit only a single radiation 
per decay. 

Chance coincidences will occur if a second pulse amves within the resolving time r ,  
following a typical signal pulse. For a random pulse rate of r, and r,t, .g 1, the rate at 
which coincidences occur should be the fraction of all time that lies within t ,  of a 
preceding pulse (given by r,t,) multiplied by the rate of pulse arrival (r,), or 

Therefore, the accidental sum peak will have an intensity that is proportional to the 
square of the counting rate, whereas both the true sum peak or normal photopeaks will be 
linearly related to the counting rate. When multiple radiations are involved, accidental 
sum peaks may potentially occur at dl possible combinations of any two single energies. 
At normal rates and typical detector solid angles, however, sum peaks are usually lost in 
fluctuations in the continua and background present from other energies, except at the 
upper energy extremes of the spectrum where such backgrounds are low. 

As a practical matter, the resolving time f ,  is normally set by the shaping time 
constants of the linear amplifier used in the pulse-processing chain from the detector. The 
chance coincidences therefore take the form of pulse pileup in the amplifier, which is 
further detailed in the discussions of Chapter 17. 

F. Colncldence ~ethods In Gamma-Ray Spectrometers 

1. CONTPWUM REDUCTION 
For an ideal gamma-ray detector, the response function would simply be a single well- 
resolved peak with no associated continuum. Then the pulse height spectrum from a 
complex gamma-ray source could be most easily interpreted, and the presence of 
high-energy gamma rays would not hinder the detection of weak radiations at lower 

I energies. 
At the price of added complexity, some steps can be taken to approach this ideal 

more closely, even for gamma-ray detectors with response functions that are inherently 
more complicated. These methods involve placing other detectors around the primary 
detector and employ coincidence techniques to select preferentially those events that are 
most likely to correspond to full-energy absorption. For the case of sodium iodide - 
spectrometers, the most common methods involve the use of an annular detector 
surrounding the primary crystal for Compton suppression by anticoincidence, or the use ' 

of two or more adjacent crystals in the sum-coincidence mode. Representative descriptions 
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of sodium iodide spectrometers in which one or both of these methods of continuum 
suppression have been applied are given in Refs. 7-11. 

An explanation of these techniques is postponed until Chapter 12, where their use 
with germanium detectors is detailed. Although significant improvements in peak-to-con- 
tinuum ratios can be achieved by applying these methods to NaI(ll) spectrometers, 
current attention ;as focused on their application to germanium systems where continua 
are much more prominent and greater gains can be achieved through their suppression. . 
2. THE COMPTW SPECTROMETER 
The combination of two separated gamma-ray detectors operated in coincidence, as 
shown in Fig. 10-9, is another configuration that can simplify the response function at the 
expense of detection efficiency. A collimated beam of gamma rays is allowed to strike the 
first detector in which the desired mode of interaction is now Compton scattering. Some 
fraction of the scattered gamma rays will travel to the second detector where they may 
also interact to give a second pulse. Because the separation distance is normally no greater 
than a few tens of centimeters, the pulses are essentially in time coincidence. By 
selectively recording only those pulses from the first crystal that are in coincidence with a 
pulse from the second crystal, the recorded spectrum largely reflects only single Compton 
scattering events. Bemuse the angle of scattering is fixed, a constant amount of energy is 

Figure 10-9 The geometry of the Compton spectrometer is shown at the top. The 
spectrum of those events from detector O that are in coincidence with pulses from 
detector @ is shown as the solid curve at the bottom. The normal spectrum from detector 

is shown as the dashed curve. 
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deposited for each scattering interaction involving monoenergetic incident gamma rays, 
Photoelectric absorption and all other events that do not lead to coincidence between the 
two detectors are excluded. The response function is thus reduced to a single peak, which 
appears at a position within the original Compton continuum determined by the scatter- 
ing angle. . 

IV. PROPERTIES OF SCINTILLATION GAMMA-RAY 
SPECTROMETERS 

A. Response Functlon 

Sodium iodide gained much of its early popularity because the relatively high atomic 
number (Z = 53) of its iodine constituent assures that photoelectric absorption will be a 
relatively important process. The corresponding high intrinsic detection efficiency and 
large photofraction have contributed to the success of sodium iodide scintillation spec- 
trometers. Other materials, such as cesium iodide or BGO, have even higher density or 
effective atomic number, and therefore the response function for these materials shows an 
even greater detection efliciency and photofraction. However, the relatively high light 
output and smaller decay time have led to the dominance of N a I Q  in spectroscopy with 
scintillators. 

The importance of many of the factors that influence the shape of the response 
function for NaI(Tl) scintillators is detailed by Mueller and Maeder.12 An extensive 
catalog of experimentally measured gamma-ray spectra for nearly 300 radionuclides as 
recorded by a 3 in.X 3 in. NaI(TI) spectrometer has been published by Heath.5 A later 
compilation by Adam and Dams6 contains spectra for both 3 in. x 3 in. and 4 in. x 4 in. 
cylindrical sodium iodide crystals. These published data can be of considerable help in 

CHANNEL 

Flgure 10-10 A low-energy spectrum from a N a I Q  scintillator for incident 49.1 keV 
X-rays from erbium. The iodine characteristic X-ray escape peak lies 25 keV below the 
photopeak. (From Dell and Ebcn") 




