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Abstract  

Neutrinos are particles with miniscule mass, and scholars consider their detection very 

challenging on account of their transparency. However, in previous studies we demonstrated 

that changes in neutrino flux affect the gamma count rates of various radioactive nuclei. 

Alterations in the emitted gamma energy spectra were measured following an increase in the 

neutrino flux. The manner in which the spectrum is affected may hint at the mechanism via 

which the neutrino interacts with the radio-nucleus. The spectra for Thorium, Ba-133, Mn-54, 

and Cs-137 were measured using an NaI(Tl) spectrometer. Two cyclotrons with 18 MeV 

proton beams were operated simultaneously, thus increasing the neutrino flux. The study 

found that the intensity of the spectra dropped in all four specimens following an increase in 

neutrino flux. The photofraction ratio remained unchanged in the decreased events. The 

photopeak analysis for mono-energetic gamma radiation nuclides revealed anomalies. This 

implies that the neutrino interacts with radio-nuclei by altering the gamma transition 

multipolarity, suggesting that neutrinos might interact with the nucleus in ways not 

considered by the present theory of nuclear physics.     
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Introduction 

In recent years, scholars have devoted growing attention to detecting neutrinos, which is 

known to be a complicated task. The detection method utilizes a large scale detector located 

deep underground or distant from radiation interference, which can affect detection ability1-14. 

Most of the detectors developed in recent years operate similarly to the thinking patterns 

developed by Raymond Davis, who established a large detector located deep underground15. 

Studies recently sought to detect neutrinos during solar flares (when the neutrino flux 

increases by three to four orders of magnitude16) using the following radioactive materials: 

Am-241, Rn-222, Thorium, Mn-54, and Co-5717-20. A decrease in the gamma count rate was 

detected in all the tested nuclei following the occurrence of solar flares. Studies found that 

each tested radioactive source exhibits a different decrease in gamma radiation counts. All 

measurements were conducted using an NaI(Tl) gamma ray detector set in a total-counts 

mode. 

To confirm that neutrinos can interact with radionuclides, the radioactive sources were placed 

in front of a controlled neutrino source, a medical proton cyclotron. Neutrino flux during 

cyclotron operation was found to affect the decay rates of several radionuclides: for Am-241, 

there was a delay of 14 days between cyclotron operation and the decrease in the gamma 

count rate; for Rn-222 and its progeny, there was a delay of several hours between the 

cyclotron operation and the decrease in the gamma count rate; there was a delay of nine days 

for Thorium with its progeny, and for Co-57 a delay of about six days was recorded21.  

Detection inadequacy can occur when using an NaI(Tl) scintillator to measure gamma 

radiation. The simplest way to pinpoint malfunctions in the detector is to perform continuous 

spectral measurements. It is important to note that the NaI(Tl) detector is sensitive to extreme 

temperature changes; therefore, it is crucial that temperature stability be monitored22. Another 

type of problem relates to the electronics of the detector. In this case, the noise-to-signal ratio 

will increase, and, consequently, variations in the fluctuations will be observed in the counts. 

Electronic faults can also be detected in non-spectral NaI(Tl) detectors (single channel 

detectors).  

If the detector works properly, repeatability of the measurements is maintained. One type of 

common problem in NaI(Tl) detectors relates to crystals, resulting in a broadening of the 

peaks due to instabilities of high voltage bias.  

 



NaI(Tl) detection problems can be discerned by repeating spectral measurements to confirm 

that the results obtained are appropriate and the detector is not beset by the difficulties 

mentioned above. In addition, spectral repetition indicates that bias voltage is stable. 

In the following experiments, the spectral measurements were repeated every 15 minutes. 

This ensures that the detector is working at the desired level of performance. 

The aim of this study is to continue our previous study that dealt with a method for measuring 

changes in count rates of gamma radiation from radioactive nuclei caused by varying fluxes 

of neutrinos emitted by cyclotrons. We utilized an NaI(Tl) gamma radiation spectrometer that 

was enclosed with a Multi Chanel Analyzer (MCA) to ensure detection quality and to 

determine in which part of the gamma radiation spectrum the change takes place. 

Our previous research established   

Methods 

A radiation spectrometry measurement system of NaI(Tl) detectors (3” diameter by 3” 

length) was installed facing the following radioactive sources: Thorium, Mn-54, Ba-133, and 

Cs-137. The detector was shielded by 5 cm thick lead. Data was collected every 15 minutes 

by the MCA, which can distinguish between the different energies of gamma radiation that 

reach the detector. MCA scintiSPEC (FLIR Systems, Inc.) was used to supply voltage and 

amplifier-gain to the detector. The results for each spectrum were totaled to obtain total 

counts and thus rapidly analyze whether a change occurs in the NaI(Tl) response. The 

detector energy calibration was preformed using a Cs-137 point source and a K-40 source 

(KCl salt), similarly to our previous studies23. 

Each dip in the total counts was compared to a baseline taken around the dip. Based on this 

we averaged a bundle of spectra, channel by channel, during the dip, and the same number of 

spectra from the baseline were also averaged24. A ratio function vs channel number, R(ch), 

was calculated for the averaged spectra as follows: 

𝑅(𝑐ℎ) =
〈𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒(𝑐ℎ)〉−〈𝑑𝑖𝑝(𝑐ℎ)〉

〈𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒(𝑐ℎ)〉+1
 (1) 

Occasionally, the count in certain channels in a spectrum is zero. Therefore, we added 1 to 

the baseline values in the denominator.   

The representation of R(ch) versus channel-number gives peaks at which the baseline counts 

are larger than the dip counts and dips at which the counts are larger than the baseline counts.  



To analyze the decrease in the spectrum results, we defined each photopeak centroid channel 

number and its FWHM (full width half maximum) to signify the region of interest (ROI). The 

R(ch) ratios in the ROIs were averaged25.  

Previous studies have demonstrated that a proton accelerator can be used as a neutrino 

source26-28. Therefore, this study employed a proton accelerator, a medical proton cyclotron 

(as in our previous study): the two cyclotrons that were used together produce about 2.5 ∙ 108 

neutrinos in a quarter of an hour21. The two cyclotrons are located at around 20 m and 40 m 

from the measurement system. 

Results and Discussion 

Measurements for four radioisotope spectra were recorded using the NaI(Tl) detector: 

Thorium, Ba-133, Mn-54, and Cs-137. Each measurement system consists of an NaI(Tl) 

detector facing one of the radioisotopes. The NaI(Tl) detector was operated in MCA mode 

(1024 channels counting mode) for 15 min cycles, and total counts for each spectrum were 

recorded in order to discern decreases in the spectrum due to neutrino flux emitted from the 

two cyclotrons. The count decrease results were obtained following the operation of the two 

cyclotrons. 

Thorium system 

Measurements for a natural Thorium source with activity of about 15 µCi were recorded 

throughout a 36-day period using a detector connected to an MCA. First, the measurements 

were performed with a natural thorium using the spectral system. The thorium source 

obtained decreases using the total counts, as in our previous measurements21. Hence, the 

results verify our previous measurements. 

The spectral data were collected at intervals of 15 minutes. All the counts, channel-by-

channel, were summed into a total-counts value. When both cyclotrons were operated 

simultaneously, decreases in the total count rate were observed, as shown, for example, in 

Fig.1. Five decreases in the total counts were observed in the thorium source counts. The 

decreases and cyclotron operation details are summarized in Table 1.    
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Figure 1- The total count mode of Thorium. The red circle marks a dip resulting from interactions with neutrinos emitted by 

two cyclotrons operating simultaneously. 

The spectrum scored during a dip was analyzed using the following formula to calculate the 

percentage of the decrease: 

𝐶𝑜𝑢𝑛𝑡 𝑑𝑒𝑐𝑟𝑒𝑎𝑠𝑒 (%) =
〈𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒〉 − 〈𝑑𝑖𝑝〉

〈𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒〉
∙ 100% 

Where the baseline is the average of the total-counts value, when no decreases were 

observed, and the dip is the decrease in total counts.  

Table 1- Summary of the total counts for Thorium system responses following dual cyclotron operation. 

Date of cyclotron operation cyclotron Duration (hr)  Current (µA) Date of sharp dip Delay (days) Count decrease (%)   

04-Aug-2021 
1 2:20 73 

10-Aug-2021 7 -0.44% 
2 3:10 73 

17-Aug-2021 
1 3:15 74 

24-Aug-2021 8 -0.62% 
2 2:50 75 

23-Aug-2021 
1 2:00 74 

30-Aug-2021 8 -0.34% 
2 3:00 74 

26-Aug-2021 
1 3:15 75 

31-Aug-2021 5 -0.68% 
2 3:40 75 

31-Aug-2021 
1 4:30 74 

07-Sep-2021 8 -0.54% 
2 6:20 74 

Signal detectability verification and the reliability of the Thorium system results were 

performed using the ‘limits-of-detectability’ method22. The critical level (LC) was calculated 

using the neighboring counts. Subsequently, dip counts were compared to the LC. Once the 

presented dip counts exceeded the LC value, the dip detection is reliable. 

%LC =
𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑖𝑛𝑔 𝐶𝑜𝑢𝑛𝑡𝑠−𝐿𝑐

𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟𝑖𝑛𝑔 𝐶𝑜𝑢𝑛𝑡𝑠
∙ 100% = 0.12%. 



Therefore, all five decreases in the total count, as presented in Table 1, are considered 

statistically significant. However, when comparing a spectrum at the dip to a spectrum at the 

neighboring baseline, the changes are barely noticeable; indeed, the observed decreases are 

less than one percent of the total count. Dividing the counts into 1024 channels in the MCA 

process made the statistical confidence in each channel low.  

The spectrum shown in Fig.2A is an average of the 12 spectra for which decreases were 

obtained. Fig.2A is a graphical comparison of the dip spectra and the baseline spectra; the 

change in the spectra could not be clearly distinguished. Fig.2B shows the analyzed spectra 

according to the R(ch) function (Eq.1). Fig.2 is a sample graph of the spectral analysis 

decrease received on September 7, 2021; the counts in the NaI(Tl) detector are statistically 

significant up to an energy of about 1000 keV. Therefore, we present the graph up to 1000 

keV only, although the obtained readings are up to 3000 keV. In Fig.2B the ratio R(ch) 

indicates that the entire spectrum alters between dip counts and baseline counts. 
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Figure 2- A) The spectrum obtained for Thorium after averaging 12 spectra at the time when the dip occurred (dashed red 
line) and after averaging 12 spectra of the baseline before the dip occurred (black dashed line). B) is the ratio change R(ch) 

calculated for these spectra. The blue vertical lines show the gamma energy emission lines of Thorium and its progeny. 

R(ch) function for each dip spectra was performed, and a decrease in the total total-counts 

was observed.  

NaI(Tl) spectrometry has a moderate spectral resolution; therefore, it is recommended that 

the peak counts along the range of channels in which the peak is detected should be analyzed.  



Around each photopeak of Thorium, an ROI range was set, and for each ROI range, the R(ch) 

ratios were totaled over its channels, as presented in Table 2.  

Table 2- Summary of the ROI in the R(ch) of the five dips in table 1, where each channel is 4.29 keV  

Date: 10-Aug-21 24-Aug-21 30-Aug-21 31-Aug-21 07-Sep-21 

E (keV) Peak Ch ROI Ch Ratio Sum 

239 55 47-63 0.084 0.067 0.109 0.219 0.092 

338 76 70-90 0.103 0.076 0.150 0.227 0.089 

583 136 116-149 0.142 0.117 0.228 0.393 0.181 

969 216 192-234 0.200 0.160 0.328 0.411 0.224 

1573 367 324-399 0.394 0.275 0.473 0.905 0.248 

2105 491 452-551 0.536 0.450 0.736 0.776 0.712 

2620 599 577-626 0.175 0.197 0.554 0.346 0.338 

Table 2 suggests that in all the ROI a positive number was found. i.e., the decreases obtained 

in the total counts were indicated in all the photopeaks along the spectrum. Compton 

scattering, at lower energies, likewise demonstrated the decrease.  
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Figure 3- The R(ch) function dependency on the gamma energy emitted from Thorium, after averaging all five results.  

Accordingly, for all measured dip events, the average of calculated R(ch) is presented in 

Fig.3. The averaged R(ch) along the spectra significantly increased due to the increase in 

neutrino flux emission during the dual cyclotron operation.  

Ba-133 system 

This study measured Ba-133 for the first time. Six decreases were detected in the total counts 

following dual cyclotron operations, and the results are listed in Table 3. Fig.4 presents an 



example of the detected decrease in Ba-133 total counts on January 4, 2022, 18:00, in 

response to neutrinos emitted from the two cyclotrons operation on January 4, 2022, at 04:15. 
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Figure 4- Example of Ba-133 total count mode measurements. Red circles indicate the observed decrease in the counts due 

to neutrinos emitted from two cyclotrons and interacting with the radio-nuclei. 

Table 3 – Summary of the total counts for Ba-133 measurements in response to dual cyclotron operations. 

Date of cyclotron operation Date of sharp dip cyclotron Duration (hr)  Current (µA) Delay (hr) Count decrease (%)  

21-Dec-2021 3:00 21-Dec-2021 18:00 
1 0:55 65 

15:00 -0.24% 
2 2:50 68 

28-Dec-2021 3:00 28-Dec-2021 18:00 
1 4:40 67 

15:00 -0.35% 
2 7:00 70 

04-Jan-2022 4:15 04-Jan-2022 18:00 
1 2:40 68 

13:45 -0.29% 
2 6:00 70 

25-Jan-2022 3:30 25-Jan-2022 18:15 
1 2:00 65 

14:45 -0.32% 
2 3:00 70 

01-Feb-2022 3:25 02-Feb-2022 6:15 
1 2:15 65 

26:50 -0.27% 
2 3:10 75 

08-Feb-2022 3:45 08-Feb-2022 18:00 
1 3:00 68 

14:15 -0.32% 
2 5:00 75 

Based on the data, a calculation of the standard deviation was found to be 0.04% and the 

‘limit of detection’ is 0.08%. Ba-133 has 5 known gamma ray emission lines (81 keV, 

276keV, 303 keV, 356 keV, 384 keV29), however, because the NaI(Tl) detector has a limited 

spectral resolution, four peaks cannot be separated, as shown in Fig.5A.  The R(ch) function 

in Fig.5B on the same graph reveals that all parts of the Ba-133 spectrum exhibited a 

decrease.  
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Figure 5- A) The obtained spectrum of Ba-133 after averaging 12 spectra in which the dip occurred (dashed red line) and 

after averaging 12 spectra of the baseline (black dashed line). B) is the R(ch) calculated for these spectra. The blue vertical 
lines indicate the gamma energy emission lines of Ba-133. 

Due to the NaI(Tl) resolution, the ROI was selected in the area of the 356 keV photopeak. 

The right and left sides of this peak were tested; on the left side there is also a 384 keV 

photopeak, and on the right side there are peaks of 303 keV and 276 keV. In addition, the 81 

keV photopeak was examined. Table 4 summarizes the R(ch) function for each of the 

measured spectra in all the ROI channels for photopeaks and the left and right side of the 356 

keV photopeak.  

Table 4- summary of all ROI in the R(ch) for Ba-133 count rate responses due to dual cyclotron operation (each channel is 
4.29 keV). 

Date: 21-Dec-21 28-Dec-21 04-Jan-22 25-Jan-22 02-Feb-22 08-Feb-22 

E (keV) Peak Ch ROI Ch Ratio Sum 

81 16 12-20 0.028 0.032 0.027 0.033 0.025 0.023 

356 81 54-116 0.296 0.193 0.244 0.200 0.294 0.249 

left of peak 356   54-81 0.024 0.093 0.076 0.104 0.030 0.067 

right of peak 356   81-116 0.275 0.103 0.172 0.099 0.268 0.186 

Table 4 reveals that the R(ch) of the right side of the 356 keV peak increased slightly more 

than the left side of the same peak. This led us to examine separately the left and the right 

sides of its photopeak in mono-energetic sources. 

When averaging the photopeak area ROI for Ba-133, there are also negative values in the 

R(ch) function. However, for the R(ch) values, as shown in Fig.6, the result clearly 

demonstrated a decrease in the total observed counts, contributing to a decrease in all parts of 

the spectrum as well. 
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Figure 6- Averaging R(ch) function of Ba-133 for all six results, as a dependence on the gamma energy emitted from the 

source. 

Mn-54 system 

Mn-54 is a mono-energetic gamma radiation source with an energy line of 835 keV29. In 

previous studies, Mn-54 was found to respond to solar flares20,30, and therefore we chose to 

use Mn-54 as a gamma source in this study. 

Six decreases in Mn-54 total counts were detected following dual cyclotron operation, as 

listed in Table 5. Fig.7 presents an example of the Mn-54 total counts on November 2, 2021, 

in response to neutrinos emitted from dual cyclotron operation on October 28, 2021.   
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Figure 7- Example of Mn-54 total counts. Red circles indicate the observed decrease in total counts due to the operation of 

two cyclotrons and interactions with the radio nuclei. 



Table 5- Summary of all Mn-54 total count mode responses to cyclotron operations. 

Date of cyclotron operation Date of sharp dip cyclotron Duration (hr)  Current (µA) Delay (days) Count decrease (%) 

07-Oct-2021 12-Oct-2021 
1 4:25 65 

5 -0.64% 
2 4:00 75 

21-Oct-2021 26-Oct-2021 
1 3:20 70 

5 -0.40% 
2 3:20 74 

28-Oct-2021 02-Nov-2021 
1 2:50 70 

5 -0.41% 
2 3:50 67 

04-Nov-2021 09-Nov-2021 
1 2:00 67 

5 -0.43% 
2 2:00 72 

18-Nov-2021 23-Nov-2021 
1 3:00 70 

5 -0.45% 
2 3:30 84 

02-Dec-2021 07-Dec-2021 
1 1:15 70 

5 -0.39% 
2 1:11 75 

Mn-54 total counts demonstrate a downward trend. Data points were averaged on both sides 

around the dip in the counts, as shown in Fig.7. The average counts of both sides are required 

to reduce regular fluctuations from readings21. Based on the data, the ‘limit of detection’ was 

calculated to be 0.283%. Also, Mn-54 spectral results (Fig.8A) encounter similar difficulty in 

distinguishing the apparent spectral decrease. Therefore, spectral analysis was performed on 

Mn-54 results, similarly to the Thorium spectral results. The R(ch) function (Eq.1) for Mn-54 

was calculated. Representative results for the R(ch) function and the difference of the 

obtained spectra on November 2, 2021, are shown in Fig.8B.  
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Figure 8- A) Graph showing the obtained spectrum of Mn-54 after averaging 12 spectra in which the dip occurred (dashed 
red line) and after averaging 12 spectra of the baseline (black dashed line). B) Graph shows the calculated R (ch) for these 

spectra. The blue vertical line indicates the gamma energy emission line of Mn-54. 



As a result of the Mn-54 spectral analysis, we can examine the changes in the photopeak 

counts area. The peak-to-total counts ratio was obtained: at the base it was 0.4272, and at the 

dip it was 0.4270. The base ratio and the dip ratio showed a difference within the statistical 

error of the counts. We performed ROI calculations for the entire photopeak, and in addition 

we performed ROI calculations for the left and right sides of the photopeak in Fig.8 (Lower 

graph): a difference around the centroid was indicated. R(ch) function for each dip spectra 

were totaled for full peak ROI channels and for the left and right sides of the photopeak. The 

results are summarized in Table 6.  

Table 6- Summary of all ROI in the calculated R(ch) function for Mn-54 count responses due to dual cyclotron operation 
(each channel is 4.29 keV). 

Date: 12-Oct-21 26-Oct-21 02-Nov-21 09-Nov-21 23-Nov-21 07-Dec-21 

E (keV) Peak Ch ROI Ch Ratio Sum 

835 191 164-216 0.441 0.195 0.242 0.228 0.251 0.243 

left side 164-191 0.254 0.152 0.004 0.148 -0.089 0.223 

right side 191-216 0.199 0.047 0.201 0.083 0.346 0.022 

Examination of the ROI photopeak area in Mn-54 reveals that there is always a positive 

R(ch), however, only one result presented a negative value of the R(ch) function. When we 

checked one side of the full peak, differences in R(ch) were detected between the right and 

the left sides.  

200 400 600 800 1000
-0.01

0.00

0.01

0.02

 

 

R
(c

h
)

E (keV)
 

Figure 9- Averaged for all R(ch) function for Mn-54 results 

For all measured dip events, the average of calculated R(ch) is presented in Fig.9. The 

averaged R(ch) along the spectra increased as a result of the increase in neutrino flux 

emission during dual cyclotron operation. Fig.9 demonstrates that at energies above the 



gamma emission line, above 835 keV, the R(ch) significantly increased. This occurred even 

when the peak centroid did not show any displacement. 

Cs-137 system 

Changes in the Cs-137 count rate are reported for the first time in this study. The Cs-137 

radioisotope is particularly interesting because it is widely used as a calibration source. Six 

decreases were detected in the total counts for the gamma rays emitted by Cs-137 following 

dual cyclotron operation, as listed in Table 7. Fig.10 presents an example of a total counts 

decrease that was measured in Cs-137 on February 15, 2022, in response to neutrinos emitted 

from the operation of the cyclotrons on February 10, 2022. 
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Figure 10 – An example of total count mode for Cs-137. The red circle marks a dip resulting from interactions with neutrinos 

emitted from two cyclotrons operated simultaneously. 

Table 7 – Summary of all Cs-137 total count rate responses due to dual cyclotron operation. 

Date of cyclotron operation Date of sharp dip cyclotron Duration (hr)   Current (µA) 
Delay 
(days) 

Count decrease (%) 

10-Feb-2022 15-Feb-2022 
1 3:00 70 

5 0.27% 
2 6:00 74 

17-Mar-2022 23-Mar-2022 
1 2:40 67 

6 0.27% 
2 3:10 73 

24-Mar-2022 29-Mar-2022 
1 4:25 74 

5 0.29% 
2 6:20 74 

31-Mar-2022 05-Apr-2022 
1 2:50 70 

5 0.25% 
2 2:00 73 

14-Apr-2022 19-Apr-2022 
1 3:30 65 

5 0.27% 
2 3:40 71 

19-Apr-2022 26-Apr-2022 
1 2:55 65 

7 0.34% 
2 5:45 72 

The standard deviation of the measured decrease was found to be 0.04%, and the ‘limit of 

detection’ is 0.10%. Similarly, analysis was performed for Cs-137 results, in the same fashion 



as the Thorium results were analyzed. R(ch) function for Cs-137 was calculated. 

Representative results for the R(ch) function and the difference in the obtained spectra on 

February 15, 2022, are shown in Fig.11.  
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Figure 11 – A) The upper graph shows the spectra obtained for Thorium after averaging 12 spectra at the time when the dip 

occurred (dashed red line) and after averaging 12 spectra of the baseline before the dip occurred (black dashed line). The 
blue vertical line shows the gamma energy emission line of Cs-137. B) Is the change using the R(ch) function that was 

calculated for these spectra. 

The Cs-137 photopeak occurs at an energy of 662 keV29. The peak-to-total counts ratio was 

obtained: at the base it was 0.4705, and at the dip it was 0.4704. The base ratio and the dip 

ratio showed a difference within the statistical error of the counts. 

We performed an ROI calculation for the single photopeak, and for its left and right sides.  

R(ch) function for all spectra was performed for all the ROI channels of the photopeak, as 

presented in Table 8.  

Table 8 –Summary of the ROI in the R(ch) of the obtained six dips in table 7, each channel is 4.29 keV 
Date: 15-Feb-22 23-Mar-22 29-Mar-22 05-Apr-22 19-Apr-22 26-Apr-22 

E (keV) Peak Ch ROI Ch Ratio Sum 

661 145 122-178 0.151 0.062 0.389 0.243 0.126 0.258 

left to peak   122-145 0.027 -0.041 -0.067 -0.015 0.099 0.020 

right to peak   145-178 0.126 0.104 0.457 0.260 0.031 0.242 

After investigating the ROI of the photopeak area in Cs-137, we found that there are also 

negative values in the R(ch) function. However, the R(ch) values results, as shown in Fig.12, 

clearly demonstrate that a decrease in the total observed counts caused a decrease in the 

overall spectrum as well. 



100 200 300 400 500 600 700 800
-0.010

-0.005

0.000

0.005

0.010

0.015

 

 

R
(c

h
)

E (keV)  

Figure 12 – The R(ch) function dependency on the gamma energy emitted from Cs-137, after averaging all six results. 

In the natural Thorium results, a delay of nine days between dual cyclotron operation and the 

decrease in the spectra we found in the spectral measurement. The results regarding Thorium 

confirm our previous findings, which were recorded using a total-count gamma radiation 

detector21.  

Ba-133 was found to have a delay response of about 15 hours from the dual cyclotron 

operation event until a decrease in the detected count rate. Cs-137 was found to have a delay 

response of about five days from dual cyclotron operation until a decrease in the gamma 

counts was detected. 

Spectral measurements for Thorium, Mn-54, Ba-133 and Cs-137 sources showed decreases 

through photopeak and Compton scattering counts that are affected by changes in the 

neutrino flux.  

Photofraction (Peak to total) is the ratio of the area under the photopeak to the area under the 

entire response. The calculation for our measurements was obtained using the same 

photofraction ratio as Synder`s experiments31. The photofraction ratio remained unchanged 

along the decreased spectra. It is important to note that if a change was found in the Compton 

only, this might be cause for concern, suggesting that there is a problem with the detector 

itself. For example, neutrons entering the detector and reacting with the iodine in NaI(Tl)32. 



The spectral results for the two mono-energetic radioisotopes presented differences between 

the right and left sides of the photopeak (see Fig. 9 and Fig. 12). This difference might be 

explained similarly to XRF spectral peak splitting, due to spin-orbit interaction34. 

In this study, neutrino interaction with the radionuclide is evident. Neutrinos have a spin ½ 

and therefore might magnetically interact with the nucleus, in analogy to neutron magnetic 

scattering with the nuclei spin in lattice. Similarly to neutrons that can scatter by spin-orbital, 

or by spin-spin interactions, it might be assumed that neutrinos interact in a similar manner 

and show diffraction patterns35-36.    

Gamma spectra decrease as a result of changes in neutrino flux indicates that the radioactive 

decay processes in Thorium, Ba-133, Mn-54, and Cs-137 can change and temporarily slow 

down. 

Conclusions 

Our previous research established a new method for measuring changes in counts of gamma-

emitting materials caused by varying fluxes of neutrinos emitted by solar flares or cyclotrons. 

These measurements were recorded using NaI(Tl) signal channel gamma radiation detectors. 

NaI(Tl) spectral measurements with data analysis were recorded using an MCA for Th-232 

and Mn-54 to verify the reliability of count decreases previously obtained.  Spectral analysis 

enables us to indicate any possible malfunctions, such as HV bias instability, by assuring the 

absence of deviations in the spectral shape and repeatability. Repeated measurements every 

15 minutes demonstrated recurrence of the spectrum, without photopeak centroid shifts. This 

confirms that the NaI(Tl) measurement method is a reliable technique for measuring changes 

in gamma radiation decay rates, and the decreases found are not due to detector instability. 

Furthermore, it was found for the first time that the gamma radiation emitted by Ba-133 and 

Cs-137 is also affected by changes in neutrino flux. 

The count rate decrease found in this study indicates that gamma emission reduction occurred 

in the examined radio-nucleus, hence the momentum selection rules of the transition between 

two nuclear levels possibly altered. The neutrino presumably interacts magnetically with the 

nucleus spin, and in so doing influences the momentum selection rules of the gamma 

emission multipolarity.     

 



The use of gamma emitters to detect neutrinos yields advantageous results compared with the 

complex existing detectors. Indeed, radioactive materials have a constant level of background 

counts, preventing underground measurements using highly sensitive detectors. 
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