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Introduction
Trinitite is a glassy material formed as a result of the first nuclear explosion test, named the Trinity test,

on July 16th 1945 at the White Sands test site, near Alamogordo, New Mexico. It was formed as a result

of the intense heat and pressure of the detonation that fused desert sand, soil minerals, and bomb debris.

Trinitite contains a complex mixture of primordial radionuclides, natural decay-chain products, and 

anthropogenic fission and activation products, making it an ideal subject for gamma-ray spectroscopy.

This report documents the measurement methodology, energy calibration procedure, and identified 

gamma-ray emitting nuclides from a Trinitite sample. The work was performed using an NaI(Tl) 

scintillation detector with built-in HV supply and the preamplifier. The output pulses were recorded 

with the FemtoDAQ Vireo multichannel analyzer (MCA) from SkuTek Instrumentation. Peak 

assignments are cross-referenced against the peer-reviewed literature, Parekh et al. (2006) [1].
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Instrumentation

Gamma ray calibration sources

Cesium-137 (137Cs) in the form of 5 micro Curie sealed exempt calibration source.

� Spectrum energies [2][4][5]: 661.6 keV, Photopeak, Barium X-ray K lines, about 32 keV

Sodium-22 (²²Na) in the form of 1 micro Curie sealed exempt calibration source.

� Spectrum energies [2][4][5]: 511.0 keV: annihilation radiation from the β⁺ positron, 1274.5 keV: 

direct gamma from ²²Ne excited state.

Cobalt-60 (60Co) in the form of 1 micro Curie sealed exempt calibration source.

� Spectrum energies [2][4][5]: 1173.2 keV, 1332.5 keV

Barium-133 (133Ba) in the form of 1 micro Curie sealed exempt calibration source.

� Spectrum energies [2][4][5]: 30.85 keV. 81 keV, 356 keV

Lutetium-176 (176Lu) activity from a LYSO crystal sample.

� Spectrum energies [7]: 55 keV, 202.2 keV, 307 keV

Data Acquisition System

Detector: NaI(Tl) 25×25 mm Scintillation Detector with built in HV and output amplifier

FemtoDAQ Vireo by SkuTek Instrumentation:

2 channels, 14 bit ADC, 100 MHz sampling frequency, +/- 1 volt input range.

We used its built in multichannel analyzer (MCA) histogramming mode of the digitizer for the 

measurements. All experiments used the following settings on the Vireo (unit ID = 12). Prior to the 

measurements we adjusted the following parameters for the best results.

Table 1. Settings applied on the FemtoDAQ vireo used for all measurements in this experiment

Sl no. Vireo setting Value

1. Analog Offset (%) Ch0: 0

2. Invert ADC Signal? Ch0: True

3. Digital Offset (ADC Counts) Ch0: 650

4. Trigger Enabled? Ch0: True

5. Trigger Edge Ch0: RISING

6. Trigger Sensitivity (ADC Counts) Ch0: 8

7. Trigger Averaging (ADC Samples) Ch0: 8

8. Event Start Position in Waveform (ADC Samples) 100

9. Coincidence Window (ADC Samples) Ch0: 1

10. Hit Pattern? Ch0: Ignore
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11. External Hit Pattern? Ignore

12. Pulse Height Window (ADC Samples) 100

13. Pulse Height Averaging (ADC Samples) Ch0: 8

14. Histogram Quantity Ch0: Pulse Height

16. Histogram Scaling (Binning) Ch0: 2

17. Input termination resistor 1 kΩ

The FemtoDAQ Vireo provides a selection of three input termination resistors on its analog front end, 

50Ω, 1 kΩ, and 10 kΩ. We selected 1 kΩ for this experiment. The reason for this choice is further 

elaborated in Appendix A.

The experiment

The Trinitite sample and data acquisition setup

The Trinitite sample was placed directly against the detector face in a polyethylene bag and counted for

75 hours to maximize detection sensitivity for low-activity nuclides. In Figure 1 we temporarily 

removed some of the sample material from the plastic bag to demonstrate its appearance.
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Figure 1: The complete experimental setup configured for the Trinitite spectrum measurement. The setup 

comprised the FemtoDAQ Vireo MCA and 25x25mm NaI(TI) detector with built in preamp and HV. 

Neither the separate HV supplies nor analog NIM electronics were used for this experiment. The signals 

were digitally shaped and the pulse height histogram was collected using the Vireo MCA.
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To improve counting statistics in low-activity regions of the spectrum, all acquired spectra (Trinitite 

sample, calibration sources and background) were binned by a factor of 10, reducing the number of 

bins from 4k to about 400. This task was performed with the help of an external data analysis software 

called IGOR Pro version 8. An example of the binned spectrum is shown in Figure 2. 

Background measurement 

We acquired a background spectrum over a period exceeding 24 hours to collect sufficient statistics. 

The binned background spectrum is shown in Figure 2. Going from left to right, we clearly see the 

electronic noise peak at very low pulse heights, then a broad peak at PH = ~ 30, a natural 40K gamma 

ray at PH = ~ 360, and the saturation spike in the very last bin. (Vireo firmware is configured to count 

the overflows in the very last bin of the histogram.)

SkuTek Instrumentation  www.skutek.com, May/09/2026 Page 4 of 13

Figure 2: Background spectrum binned by a factor of 10 to improve counting statistics.

Figure 3: Comparing the scaled background spectrum with the the Trinitite.
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Background subtraction

We multiplied the background spectrum by 75/24 to match the 75-hour measurement of the Trinitite 

sample and then subtracted bin-by-bin from the Trinitite spectrum in order to bring up the �-ray peaks 

coming from the Trinitite fragments. One should note a very small difference (on a logarithmic scale) 

between the Trinitite and the background.
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Figure 5: The Trinitite �-ray spectrum after background subtraction in linear scale. Peaks A–E are listed in Table 2.

Figure 4: The Trinitite �-ray spectrum after background subtraction, plotted in log scale. 
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Energy calibrated spectrum

The energy spectrum in Figures 4 and 5 is using a linear energy calibration described in Appendix B. 

Table 2. Measured energies of Trinitite peaks using linear calibration

Peak

Energy in keV from binned

ADC values

 E���� = 4.122*ADC -7.889

A 42.79

B 124.92

C 344.81

D 661.49

E 1460.46

Peak Identification

Gamma-ray peaks were assigned to known nuclear data. This is shown in Table 3.

Table 3. Peak identification from known nuclear data

Peak Energy (keV) Proposed nuclide(s) Origin Notes

A 42.79 ²³⁸Pu + ²⁴⁰Pu + ²³⁹Pu
Plutonium core 

remnant

43.8 keV 238Pu, 45.4 keV 240Pu and 

46.5 keV 239Pu were noted in [1]

B 124.92 ¹⁵²Eu + ¹⁵⁴Eu + ²³⁹Pu Activation of soil

121.7 keV 152Eu, 122.8 keV 154Eu 

and 129.3 keV 239Pu were noted in 

[1]

C 344.81 ¹⁵²Eu Activation of soil 344.2 keV 152Eu peak noted in [1]

D 661.49 ¹³⁷Cs Fission Product

One of the most probable fission 

product was ¹³⁷Cs with fission yield 

of ~6%. This is a strong indicator of 

Trinitite. Characteristic 661.6 

Photopeak of ¹³⁷Cs.

E 1460.46 ⁴⁰K Primordial

⁴⁰K is a primordial radionuclide 

present in the Earth since the solar 

system formed 4.5 billion years ago.

Primary Photopeak at 1460.8 keV 

Additional Expected Peaks

Based on the known radiological composition and the natural decay chain systematics [1], additional 

gamma lines are expected in the spectrum. Some may be visible above the Compton continuum with 

careful inspection; others may require longer count times or a higher-resolution HPGe detector to 

resolve. These include gamma rays from Am, Co, Th, U and Ba.
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Discussion

Fission Product Signature (peak D, 661.6 keV from ¹³⁷Cs)

The most significant anthropogenic indicator is ¹³⁷Cs at 661.6 keV (Peak D), which is a high-yield 

fission product of ²³⁹Pu with a 30.2-year half-life. Its presence at elevated activity above background 

can be interpreted as a fingerprint of the Trinity detonation. Approximately 2.7 (81 years as of 2026) 

half-lives have elapsed since 1945, meaning that ¹³⁷Cs retains sufficient activity to be still readily 

detectable above the background. Reference [1] reported specific activities of 27–122 Bq/g across 

different Trinitite samples, reflecting spatial variability in the radionuclide deposition related to 

temperature-dependent cesium volatility during the explosion.

Plutonium L X-rays (43.8, 45.4, 46.5 keV) 

We interpret these energies as the L-series X-rays emitted during the radioactive decay of plutonium 

isotopes. The presence of ²³⁸Pu (5.97 Bq/g at time of explosion) was confirmed in Trinitite by alpha 

spectrometry following radiochemical separation. Plutonium originated from the core of the Gadget 

device itself.

Europium Activation Products (peaks B and C)

¹⁵²Eu (121.7 keV and 344.2 keV) and ¹⁵⁴Eu (122.8 keV) are neutron activation products. Europium is a 

naturally occurring stable and trace element in desert soil. When the Trinity device detonated, it 

produced an enormous neutron flux radiating outward from the explosion. These neutrons were 

absorbed by stable europium resulting in radioactive europium which may have then fused into the 

Trinitite glass.

⁰ ⁰Primordial ⁴ K (peak E, 1460.8 keV from ⁴ K)

The peak observed at E� = 1461.0 keV is attributed to the 1460.8 keV line of ⁴⁰K, a primordial 

radionuclide abundant in the feldspar and clay minerals of New Mexico desert sand. A tiny fraction 

(0.012%) of all natural potassium is the radioactive isotope ⁴⁰K, which has a half-life of 1.28 billion 

years. When the Trinity fireball melted the desert sand, the potassium, including its ⁴⁰K fraction, was 

simply fused into the glass along with everything else. Its presence is expected and unremarkable, but it

served as a useful independent energy calibration check.

Expected, but missing peaks

Several energies from Am, Co, Th, U and Ba that were reported in [1] were not identified in the 

spectrum. ²⁴¹Am at 59.5 keV is one of the strongest features expected in aged Trinitite, but it was not 

clearly seen in our data.

Limitations

The following limitations apply to this study and should be considered when interpreting the results.
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1. Quantitative gamma-ray spectroscopy requires that the detection efficiency is known for the 

specific source geometry. The Trinitite fragments constitute an extended, distributed source, 

while the calibration sources used in this study are point-like and therefore do not provide a 

directly applicable efficiency reference. Accurate quantification of an extended source generally

requires a near-4π detector geometry, such as a well-type NaI(Tl) detector in which the sample 

is enclosed by the scintillator on all sides, ensuring that emission from the entire sample volume

is measured with high efficiency. The combination of an extended-source geometry and the use 

of point-source calibration precluded normalization of peak count rates to specific activity 

(Bq/g). The results presented in this report are considered qualitative.

2. NaI(Tl) energy resolution is insufficient to resolve closely spaced gamma lines. A high 

resolution detector would be required for definitive separation of energies.

3. No lead shielding was used in this experiment. While background subtraction removes the 

ambient contribution, to a large degree, the absence of shielding results in higher background 

count rates, reducing peak-to-background ratios particularly in the low-energy region.

Conclusions

The measurement of a gamma-ray spectrum from a Trinitite sample over 75 hours with a NaI(Tl) 

detector and FemtoDAQ Vireo MCA successfully identified five gamma-emitting signatures spanning 

primordial, activation, and fission-products. Our energy calibration provided a good accuracy across 

the full spectral range. The calibrated energy values where used to identify the Trinitite peaks.
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Appendix A: Input termination of the FemtoDAQ Vireo 
The FemtoDAQ Vireo provides three input termination values (50 Ω, 1 kΩ, and 10 kΩ). Because the 

choice of termination directly affects the amplitude of the digitized signal, a brief characterization study

was performed to investigate the selection used throughout this report. A ¹³⁷Cs spectrum was acquired 

at each setting under otherwise identical conditions. The resulting histograms are shown in Figure A.1. 

The location of the 661.6 keV photopeak together with the event rate is summarized in Table A.1.

 The 25x25mm NaI(Tl) detector used in this experiment contains a built-in preamplifier whose output 

is a voltage pulse driven through an impedance, Zs, into the digitizer input. The Vireo's selectable 

termination, Zin forms a resistive voltage divider with Zs. The voltage actually presented to Vireo’s ADC

is reduced by the resulting voltage divider.

VADC = Vsource* Zin /( Zs + Zin) (1)

The input impedance of the FemtoDAQ Vireo digitizer was found to have a significant influence on the

recorded pulse heights during gamma-ray spectroscopy measurements with a ¹³⁷Cs source. The results 

obtained for the 661.6 keV photopeak under three different input impedance configurations are 

summarized in Table A.1.
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Figure A.1 Histograms of ¹³⁷Cs from the 3 experiments with input termination settings of 50Ω, 1 kΩ and 10 

kΩ on the Vireo, here the histograms are binned by a factor of 10.



Gamma-ray spectroscopy of Trinitite with Vireo digitizer and NaI(Tl) detector

Table A.1. Effect of input impedance on the position of the 661.6 keV photopeak

Sl no Input impedance Peak centroid of binned 

ADC for 661.6 keV 

Event rate per second Total events for 701s

1. 50 Ω 817.516 2300.52 1612667

2. 1 kΩ, 1668.51 2334.27 1636328

3. 10 kΩ, 1757.88 2337.31 1638461

When the input impedance is set to 50 Ω, the photopeak is registered at ADC bin 817.52, which is less 

than half of the value (1668.51) obtained at 1 kΩ.

We calculated the source impedance using the centroid of the 661.6 keV peak and equation (1):

From the 50 Ω measurement: 817.52 / 1757.88 = 50 / (Zₛ + 50) →  Zₛ = 57.51 Ω 

From the 1 kΩ measurement: 1668.51 / 1757.88 = 1000 / (Zₛ + 1000) → Zₛ = 53.56 Ω

These two independent estimates are consistent with a 50 Ω source impedance for the preamplifier, 

which was likely designed to drive 50 Ω coaxial cables. The voltage-divider is thus responsible for the 

observed attenuation.

Slight reduction of the event rate at low termination is a secondary consequence of the same amplitude 

attenuation. The Vireo's trigger threshold is defined in ADC counts. When the entire pulse-height 

distribution is compressed toward zero by signal attenuation, low-energy events that were originally 

above threshold are pushed below the threshold and no longer registered. The event rate therefore falls 

slightly when the termination is reduced.

The 1 kΩ setting was selected for the experiment because it provided 95 % of the original amplitude 

(as confirmed by direct comparison with the 10 kΩ setting) while presenting a sufficiently low 

impedance to suppress potential high-frequency reflections or pickup in the cable between the 

preamplifier and the digitizer. The 50 Ω setting on the Vireo is intended for situations where the 

upstream chain genuinely requires transmission-line termination. For example, fast scintillator pulses 

driven through long coaxial cable, or signals from sources specifically designed as 50 Ω drivers [3][8].
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Appendix B: Energy Calibration

Gamma rays from sealed exempt sources ¹³⁷Cs (5 µCi), ²²Na (1µCi), 60Co (1µCi), 133Ba (1µCi), and 

LYSO crystals were recorded using the NaI(Tl) detector and FemtoDAQ Vireo, shown in Figure B.1. 

The original spectra with 4k bins were compressed 10x and plotted in the following figures. 
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Figure B.1: The complete experimental setup configured for the energy calibration with 137Cs, 

²²Na, 60Co, 133Ba, and LYSO crystals.

Figure B.2: 137Cs spectrum showing the 32 keV and the 661.6 keV peaks. The Gaussian 

function was fitted to the 661.6 keV photopeak [2][4][5]



Gamma-ray spectroscopy of Trinitite with Vireo digitizer and NaI(Tl) detector

1. Linear energy calibration

We used the least squares method to fit a linear function energy=ax+b

where 'energy' is the energy of the peak in keV;  a and b are constants, and x is the location of the 

gamma ray peak in the ADC histogram after binning by 10.

We used IGOR software to obtain the linear calibration function as:

energy=4.1332 x�15.723 (keV) (2)
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Figure B.3: 22Na spectrum showing the 511 keV 

and 1274.5 keV peak. Gaussian function was 

fitted to the 1274.5 keV peak [2][4][5]

Figure B.4: 60Co spectrum showing the 1173.23 

keV and 1332.5 keV peaks [2][4][5].

Figure B.5: 133Ba spectrum showing the 30.85 

keV, 81 keV and 356 keV peaks [2][4][5].

Figure B.6: A spectrum acquired from a LYSO 

crystal shows the �-rays from ¹⁷⁶Lu at 55.0 keV, 

202.2 keV, and 307.0 keV [7]
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2. 2nd order polynomial energy calibration.

We did not assume that the response of the NaI(Tl) detector was linear below approximately 150 keV 

(Knoll, 2010). A quadratic energy calibration was investigated using the formula: 

energy=ax2+bx+c ;

We used IGOR software to obtain the 2nd order energy calibration as:

energy=(0.00041445)∗(x2)+(3.9959∗x)�10.557 (keV) (3)

We quickly verified the result by comparing it against the 1274.5 keV ²²Na peak :

(0.00041445)∗(311.074
2)+(3.9959∗311.074)�10.557=1272.57

which is close to the original 1274.5 keV value with an error of 0.15%. 

Table B.1. Energy calibration using linear fit and residual calculation

Sl no. Source
Energy

(keV)

 Peak

centroid,

binned ADC

Energy from

linear fit

 energy = 4.1332x -

15.723 

Residuals

(keV)

Energy from

quadratic fit

 energy =(0.00041445)*(x2)

+ (3.9959*x)-10.557

Residuals

(keV)

1. ¹³⁷Cs 32 9.68 24.27 7.73 28.15 3.85

2. ¹³⁷Cs 661.6 165.09 666.63 -5.03 660.42 1.18

3. ²²Na 511 128.44 515.16 -4.16 509.53 1.47

4. ²²Na 1274.5 311.07 1270.01 4.49 1272.57 1.93

5. 176 Lu 55 16.97 54.4 0.6 57.35 -2.35

6. 176 Lu 202.2 53.29 204.52 -2.32 203.55 -1.35

7. 176 Lu 307 79.31 312.09 -5.09 308.98 -1.98

8. 60 Co 1173.23 286.33 1167.72 5.51 1167.55 5.68

9. 60 Co 1332.5 326.6 1334.18 -1.68 1338.71 -6.21

10. 133 Ba 30.85 9.45 23.31 7.54 27.22 3.63

11. 133 Ba 81 23.39 80.96 0.04 83.14 -2.14

12. 133 Ba 356 91.8 363.7 -7.7 359.76 -3.76

We can see that the 2nd order polynomial calibration provided slightly better residual values.
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