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RESUMEN

Los equipos de deteccion de radiacion gamma que utilizan centelladores tienen una gran
relevancia en diversos campos de la investigacion y aplicacion de la radiaciéon gamma, como
en el campo de la fisica nuclear, impactos medioambientales, proteccién radioldgica y
en los diferentes tipos de industria. La presente tesis tuvo como objetivo utilizar los
detectores de centelleo con cristales inorganicos de Yoduro de sodio (Nal) de dimensiones
1,5"x1,5" (REXON), 2"x2"(BICRON) y 3"x3"(BICRON) ubicados en el laboratorio de
radiaciones de la UNFV y del grupo INFISA - UNMSM para analizar y comparar la
calibracién por energias con 5 fuentes radiactivas (Am-241, Ba-133, Cs-137, Co-60 y Na-
22) certificadas, la eficiencia y se realiz0 la transferencia de eficiencia utilizando el software
ETNA usando un multicanal de 1024 canales para los tres modelos de detectores. Los
resultados mostraron cada curva de calibracion asociada al detector, sus eficiencias y que las
resoluciones para el detector de 1,5x1,5” van desde 4,91% hasta 8,86%, para el detector de
27x2” van desde 5,13% hasta 19,30% y para el detector de 3”’x3” van desde 5,26% hasta
22,62%. Se concluye que el detector de 1,5"x1,5" tiene una mejor resolucion. Ademas, una
mayor eficiencia tiene el detector 3"x3" y la transferencia de eficiencia se puede utilizar para

algunas fuentes radiactivas como el Co-60y Cs-137 debido a su aceptable porcentaje de error.

Palabras Clave: espectroscopia gamma, centelladores, Nal, resolucion y eficiencia de

centelladores, calibracion de centelladores en energia.
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ABSTRACT

Gamma radiation detection equipment using scintillators is highly relevant in various fields
of gamma radiation research and application, including nuclear physics, environmental
impacts, radiation protection, and various industrial sectors. The objective of this thesis was
to use the 1,5"x1,5" (REXON), 2"x2" (BICRON), and 3"x3" (BICRON) inorganic sodium
iodide (Nal) crystal scintillation detectors located in the radiation laboratory of the UNFV
and the INFISA-UNMSM group to analyze and compare the energy calibration with five
certified radioactive sources (Am-241, Ba-133, Cs-137, Co-60, and Na-22). Efficiency was
also analyzed and transferred using ETNA software, utilizing a 1024-channel multichannel
detector for the three detector models. The results showed each calibration curve
associated with the detector, its efficiencies, and that the resolutions for the 1,5"x1,5"
detector ranged from 4,91% to 8,86%, for the 2"'x2" detector, from 5,13% to 19,30%, and for
the 3"x3" detector, from 5,26% to 22,62%. It is concluded that the 1,5"x1,5" detector has
better resolution. Furthermore, the 3"x3" detector has higher efficiency, and the efficiency
transfer can be used for some radioactive sources such as Co-60 and Cs-137 due to its

acceptable error rate.

Keywords: gamma spectroscopy, scintillators, Nal, scintillator resolution and efficiency,

energy calibration of scintillators.
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I. INTRODUCCION
1.1 Descripcion y formulacion del problema

Para el estudio, y el analisis de la radiacion gamma, se recurre a la técnica llamada
espectroscopia gamma donde son utilizados principalmente los detectores semiconductores de
germanio hiperpuro (HPGe) y detectores de centelleo con cristales inorganicos de Yoduro de
sodio (Nal), siendo este ultimo ventajoso por su bajo costo y su alta eficiencia. La problematica
es analizar y comparar la calibracion por energia y eficiencia utilizando detectores de Yoduro
de sodio con un cristal de 1,5"x1,5", 2”x2” y 3”x3” para determinar el comportamiento de
su resolucién y eficiencia de bajas a altas energias mediante fuentes radiactivas puntuales
calibradas.

Resolviendose el problema: ; Como se comporta la eficiencia y la calibracion en energia
en los detectores de yoduro de sodio de 1,5"x1,5", 2”x2”y 3”’x3” respecto a sus dimensiones?
1.2 Antecedentes

El descubrimiento de los rayos gamma fue en el afio 1900 por Paul Villard cuando
estudiaba la radiacion emitida por el Radio. Estos rayos tenian un poder de penetracion mayor.
Sin embargo, Villard no consideré darle un nombre diferenciado de los rayos alfa y beta
(L’ Annunziata, 2007).

En 1903, Ernest Rutherford reconocié que la radiacion de Villard era de un tipo
fundamentalmente diferente de los rayos previamente nombrados, quien Illamé a los rayos
de Villard "rayos gamma" (Rutherford, 1903). Rutherford inicialmente crey6 que podrian ser
particulas beta extremadamente rapidas, pero el hecho de que no fueran desviadas por un campo
magnético indicaba que no tenian carga. Luego en 1914, se observo que los rayos gamma se

reflejaban en las superficies de los cristales, esto demostr6 que eran radiacion electromagnética.
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Rutherford y su colega Edward Andrade llevaron a cabo mediciones de las longitudes
de onda de los rayos gamma del radio, hallando que eran comparables a los rayos X, aunque
con longitudes de onda mas cortas y, por ende, con una mayor frecuencia (Fowler, 2024). Los
rayos gamma se generan durante el proceso de desintegracion gamma, que suele ocurrir tras
otras formas de desintegracion, como la desintegracion a o0 8. EIl nucleo hijo que se forma
generalmente queda en un estado excitado y, eventualmente, puede regresar a un nivel de
energia mas bajo, emitiendo un foton de rayos gamma en lo que se conoce como decaimiento
gamma. Ademas, las transiciones que involucran fluorescencia gamma nuclear constituyen un
area de estudio en la fisica nuclear conocida como espectroscopia gamma (Tanarro, 1970).

Este campo se dedica al analisis de las transiciones energéticas en los nucleos atomicos,
que estan asociadas con la absorcion o emision de rayos gamma. Por esta razon, se han
realizado numerosos estudios sobre el espectro de radiacion gamma utilizando detectores de
Nal(Tl) y HPGe.

Estudios previos, como los realizados por ElI Hamli et al. (2022), han analizado la
influencia del tamafio del cristal en parametros espectrométricos como la resolucién y la
eficiencia. Estos autores reportaron para un detector de 1,5"x1,5" resoluciones entre 14% y
4,5%. Para el detector de 2"x2", los valores reportados por Casanovas et al. (2013) oscilaron
entre 9% y 5,2%. En cuanto a la eficiencia, Pilakouta et al. (2018) obtuvieron eficiencias entre
0,15y 0,038.

Ademas, se han abordado herramientas de simulacion como el software ETNA permiten
realizar transferencias de eficiencia con margenes de error aceptables en detectores de HPGe
(Lepy et al., 2001), aungue su aplicabilidad en detectores de Nal(Tl) requiere validacion

experimental, tal como se aborda en este trabajo.
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1.3 Objetivos
1.3.1 General

- Analizar experimental y semiempiricamente la calibracion en energia y la eficiencia
de tres detectores de centelleo de Yoduro de Sodio (Nal(Tl)) de dimensiones 1,5"x1,5", 2"x2"
y 3"x3".
1.3.2  Especificos

- Obtener las curvas de calibracion en energia para los tres detectores de centelleo
(1,5"x1,5", 2"x2" y 3"x3") utilizando fuentes radiactivas certificadas.

- Evaluar semiempiricamente la calibracion de los detectores mediante el software

ETNA.

- Evaluar y comparar las mediciones de los valores nominales de energia respecto a
los valores hallados experimentalmente, garantizando que los errores de las mediciones se
encuentren dentro de los margenes permitidos.

- Comparar experimentalmente las eficiencias de los detectores centelladores de Nal(Tl)

de 1,5"x1,5", 2"x2" y 3"x3".

1.4 Justificacion

El presente trabajo de tesis esta dirigida al andlisis de los fotopicos de 5 fuentes
radiactivas puntuales utilizando el programa de analisis espectrométrico GENIE2000 y a la
interpretacion de la transferencia de eficiencia mediante software ETNA en detectores de
Nal(TI) con distintos tamarios de cristal centellador. La razon para realizar esta investigacion
es contrastar que tipo de detector es el mas adecuado para hacer la transferencia de eficiencia,
que tipo de fuente y por ende su energia esta dentro de los margenes permitidos, lo que

aceleraria procesos de toma de data. Ademas, permite caracterizar los detectores — puesta a
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punto de la cadena gamma - para uso de investigacion ya que poseen relevancia en el estudio
y aplicaciones de las radiaciones en fisica nuclear, medidas de radiacion medioambiental,
proteccion radiologica, etc.

15 Hipdtesis
1.5.1  Hipdtesis general
La eficiencia de deteccion de los detectores de Yoduro de Sodio (Nal(Tl)) depende de
las dimensiones del cristal centellador, siendo mayor en cristales de mayor tamafio debido a
una mayor probabilidad de interaccion de los fotones gamma.
1.5.2  Hipdtesis secundarias
- El software ETNA permite evaluar la eficiencia experimental de los detectores de
Nal(TI) con un margen de error aceptable, aunque puede presentar discrepancias significativas.
- La curva de calibracion en energia obtenida mediante el software GENIE2000
proporciona valores con un margen aceptable respecto a los valores nominales de las fuentes

radiactivas utilizadas.
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Il. MARCO TEORICO
2.1 Bases teoricas sobre el tema de investigacion
2.1.1  Decaimiento radiactivo

El decaimiento radiactivo es un proceso espontaneo mediante el cual un nucleo atomico
inestable se transforma en uno mas estable a traves de la emision de particulas y/o radiacion
electromagnética, liberando energia en este proceso. Los principales mecanismos de
decaimiento radiactivo incluyen la desintegracién alfa, beta y gamma (Condori, 2019).

2.1.2  Radiacion electromagnética ionizante

La radiacién electromagnética ionizante es aquella capaz de ionizar atomos debido a su
alta energia, lo que se traduce en longitudes de onda cortas. Entre este tipo de radiacion se
encuentra la radiacion gamma.

Sin embargo, no es el Unico tipo de fotones que puede generarse a partir de un
decaimiento radiactivo. También se pueden producir fotones a través de la aniquilacion de
la materia, el Bremsstrahlung de particulas cargadas, reacciones nucleares (Prompt Gammas)
0 los Rayos X caracteristicos (Gilmore, 2008).

2.1.3  Actividad, ecuacion de decaimiento y periodo de semidesintegracion

Se define como la cantidad de desintegraciones que ocurren por unidad de tiempo. En
el Sistema Internacional (Sl1), la unidad de medida para esta actividad es el Bequerel (Bq), que
representa una desintegracion por segundo. Por otro lado, el Curio (Ci), sistema cegesimal,
equivale a 3, 7 - 10%° Bq (Gilmore, 2008).

La razon de decaimiento esta directamente relacionada con la cantidad de atomos del
radionuclido presente. Asi, podemos afirmar que la actividad A es proporcional al nimero de

atomos N del radiontclido:



A= N (2.139
dt

Donde X es la constante de decaimiento, cuya inversa (7 = 3) es el tiempo de vida

media.

El tiempo en el que la actividad se reduce a la mitad se conoce como periodo

de semidesintegracion (7, ,,) y se determina mediante la siguiente ecuacion:

Ln(2)

Tipp = 3 (2.2)
La resolucion de la ecuacion 2.1 nos conduce a la siguiente expresion:
_ L!L(Z)t
Ny =Ny-e T2 =Ny-e™ (2.3)

A partir de lo expuesto, podemos afirmar que 4 = AN, por lo tanto, la ecuacion

resultante es la siguiente:

_ Ln(2)

Ay=Ag-e T2 =Ay-e™ (2.4)
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2.1.4  Rayos gamma

Un rayo gamma es una forma de radiacion electromagnética altamente penetrante, que
se origina a partir de la desintegracion radiactiva de los nicleos atomicos. Se caracteriza por
sus ondas electromagneéticas de longitud de onda extremadamente corta y su interaccion con la
materia se produce principalmente de tres maneras: a travées del efecto fotoeléctrico, el efecto
Compton y la creacion de pares (Krneta Nikolic™ et al., 2018).

La radiacion gamma se origina a partir de las transiciones entre dos niveles de energia
en los nucleos atdmicos. Este fendmeno representa un proceso de desexcitacion del nucleo de
un atomo, y a diferencia de la radiacion alfa y beta, no altera la composicion del ndcleo, pues
el nimero de protones y neutrones se mantiene constante (Tanarro, 1970).

2.1.5 Efecto fotoeléctrico

Se trata del proceso en el que un foton incidente es completamente absorbido por un
atomo al interactuar con él. En este proceso, la energia del foton (E,) se transfiere por completo
a un electron del atomo. Este electrén, conocido como fotoelectron, logra escapar del &tomo
con una energia cinética (Ee) que corresponde a la diferencia entre la energia del foton incidente

y su energia de enlace dentro del atomo (h: constante de Planck, v: frecuencia), es decir:

Ee=hv — Eecplace (2.5)
Donde la energia de enlace Eenace depende de la capa atdmica en la cual se encuentra
ubicado (Knoll, 2010).
2.1.6  Efecto compton
Se trata de un tipo de interaccion en la que el foton pierde parte de su energia segun el
angulo de dispersion. Esta situacion puede interpretarse como una colision inel&stica entre el
foton incidente y un electron libre, ya que la energia de enlace del electron es inferior a la

del foton entrante. Tras la dispersion, el foton queda con una energia menor a la inicial,
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transfiriendo el exceso de energia al electron en forma de energia cinética (Gilmore, 2008).
La energia transmitida al electron (Ex) depende de la energia del foton incidente y del

angulo de dispersion ¢ del foton dispersado, dada la ecuacion:

1

Bie=E.1 - [1+ E,(1— cos H/TTIUCZ)J] (2.6)

De esta expresion se puede concluir que la energia minima del electron se alcanza
cuando el angulo es de 0°, mientras que la energia maxima se presenta a 180°.

Ademas, los electrones generados a través del efecto compton daran lugar a una region
continua conocida como el continuo Compton (Compton continuum). Esta regidn abarca desde
energias bajas hasta un limite superior, denominado borde Compton, que corresponde a los
electrones resultantes de una dispersion del foton a 180° (Knoll, 2010).

2.1.7  Creacion de pares

Es un proceso en el que la energia de un fotdn se transforma al interactuar con el nucleo,
resultando en la aparicion de un par de particulas: un electron y un positron. Para que esto
ocurra, es necesario que el foton posea, como minimo, una energia de 1,022 MeV. Si la energia
del foton excede este umbral minimo, el exceso se distribuye en forma de energia cinética. De

este modo, la energia cinética total (Exr) se calculara como sigue (Knoll, 2010):

El\'T e EF} — 1, 022MeV (27)
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2.1.8  Ndcleo radiactivo

Es un nucleo que presenta un exceso de energia nuclear, lo cual lo vuelve inestable.
Esta energia en exceso puede liberarse, habitualmente, de tres maneras: mediante la emision
de radiacién gamma, o bien a través de la emision de particulas alfa o beta. Durante estos
procesos, se afirma que el radionuclido experimenta una desintegracion radiactiva (Loveland
etal., 2017).

Figural

Fuentes Radiactivas

Nota. Se muestran el Ba-133, Cs-137, Na-22 y Co-60. Tomado de Villarreyes et al. (2023).
2.1.9  Desintegracion radiactiva
Es un proceso natural mediante el cual un ndcleo atémico inestable libera particulas
o radiacion gamma con el fin de alcanzar una configuracion mas estable. Los tres tipos méas
comunes de desintegracion son la desintegracion alfa, beta y gamma. A continuacion, se

presenta el esquema de desintegracion del Co-60.
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Figura 2

Decaimiento radiactivo del Co-60
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Nota. Se muestra el diagrama del Co-60. Tomado de International Atomic Energy Agency
(IAEA, s. f.).
2.1.10  Detector de centelleo

En las mediciones radiactivas, el detector de centelleo es un dispositivo empleado para
identificar particulas ionizantes o radiacion electromagnética, como los rayos gamma y los
rayos X, mediante un fenémeno conocido como "centelleo”. Este fendmeno se manifiesta
a través de destellos de luz que se producen cuando una particula cargada o un fotdn interactda
con materiales especificos denominados “centelladores”. Entre sus caracteristicas mas
destacadas se encuentran su alta eficiencia en la deteccion y su rapida respuesta. El sistema esta
compuesto por un fotomultiplicador y un cristal de Na(Tl) que ofrece gran transparencia. La
amplitud relativa de los picos y su distribucion se ven influenciadas por la radiacion incidente
y las dimensiones del cristal.

Cuando el cristal es de mayor tamafio, el fotopico se hace mas evidente en comparacién
con el resto de la distribucion. Esto se debe a que un cristal méas grande tiene la capacidad
de absorber la energia de un mayor nimero de fotones en comparacién con uno pequefio,
facilitando asi un mayor nimero de interacciones, tales como el efecto fotoeléctrico, el efecto

Compton o la creacién de pares (Tanarro, 1970).
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Figura 3

Detectores de centelleo

Nota. Adaptado de Villarreyes et al. (2023).
2.1.11  Fotomultiplicador
Se trata de una célula fotoeléctrica de alta sensibilidad, que cuenta principalmente con
un fotocatodo capaz de liberar electrones al ser expuesto a la luz. Estos electrones son luego
acelerados por una diferencia de potencial adecuada y chocan sucesivamente contra una serie

de electrodos conocidos como dinodos (Tanarro, 1970).

Figura 4

Esquema de un fotomultiplicador
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Nota. Tomado de Prada et al. (2020).
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2.1.12  Analizador multicanal (MCA)

Es un instrumento disefiado para medir distribuciones de sefiales de entrada constituidas
por pulsos. Funciona en dos modalidades distintas: el modo de andlisis de altura de pulso
(PHA) y el modo de escalado multicanal (MCS).

En el modo PHA, los pulsos de entrada se clasifican en canales de acuerdo a su
amplitud, mientras que en el modo MCS, la clasificacion se basa en el momento en que cada
pulso llega. El analizador de espectros de multiples canales (MCA) permite visualizar las
distribuciones generadas y, ademas, generalmente tiene la capacidad de enviar los datos a una
impresora 0 computadora para realizar un andlisis mas exhaustivo posteriormente (The

multichannel analyzer, s. f.).

Figura

Diagrama de bloque funcional MCA tradicional

DISPOSITIVOS
] ENTRADA | SALIDA
CONTROL
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Nota. Tomado de Gilmore (2008).
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2.1.13  Resolucion del detector
Es la capacidad para exhibir dos picos de energia de rayos gamma de un espectro de
forma consecutiva. Cuanto mas estrechos y definidos sean estos picos, mayor sera la resolucién
del detector. Esto, a su vez, mejora la habilidad para distinguir y medir las energias de un
radionuclido especifico.
Generalmente, la resolucion se expresa como el Ancho a Media Altura (FWHM, por sus
siglas en inglés) de un pico en un espectro gamma, medido en kilo-electron voltios (keV). En
algunos casos, también se expresa en términos porcentuales, calculando el FWHM en relacion

al centroide de energia (Eo) y multiplicado por 100 (Villarreyes et al., 2023).

Figura 6

Fotopico donde se indica su ancho a media altura (FWHM)
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Nota. Tomado de Ramirez-Jimenez (2006).
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La resolucion en la espectroscopia gamma tiene dos razones fundamentales que
destacan su importancia:
- Permite identificar y separar picos cuyas energias son muy cercanas entre si. Cuando
la distancia entre los canales centrales de los fotopicos es igual o superior a 3 veces el ancho a
mitad de altura (FWHM), los fotopicos se distinguen claramente y pueden ser analizados de
manera independiente. Sin embargo, si la separacion entre los canales centrales es de solo 1
FWHM, el analisis se vuelve mas complicado. A pesar de este desafio, los programas de
analisis espectrométrico actuales son capaces de discriminar entre los picos y proceder con su
analisis.
- Una mejor resolucion resulta en picos mas delgados, lo que significa que las cuentas
se distribuyen en un menor nimero de canales. Esta caracteristica es crucial cuando se trata de
analizar fotopicos de baja significancia, ya que facilita la interpretacion precisa de los datos

(Gilmore, 2008).

Figura7

Comparacion de resolucion entre distintos tipos de detectores para una fuente de

Antimonio-122 y Antimonio-124

? '[_\w Nal
V‘\wk“v\/

" \/’\ LaBra
]
€
o
34 HPGe
k=3
5
|
IM
0 ettt ek
0 500 1000 1500

Energia (keV)

Nota. Tomado de Condori (2019).
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La resolucidn energética de un detector de rayos gamma expresado en porcentaje (%R)
suele ser inversamente proporcional a la raiz cuadrada de la energia (E) de los rayos gamma
que se detectan, donde C es una constante (N. Demir y Kuludzturk, 2021).
Por ende, se tiene la siguiente relacion:

%Roci

vVE (2.8)
2.1.14  Tiempo muerto, tiempo vivo y tiempo real

El tiempo muerto (Dead Time) se refiere al intervalo en el que un equipo no es capaz
de detectar pulsos. Cada componente electronico contribuye de manera diferente al tiempo
muerto total. Un aspecto crucial de este fendmeno proviene del conversor analogo-digital
(ADC), ya que, mientras esta procesando un pulso, no puede manejar otro simultaneamente
(Condori, 2019).

El tiempo vivo (Life time) se refiere al intervalo durante el cual el equipo registra pulsos,
mientras que el tiempo real (Real time) corresponde a la suma de estos dos (Knoll, 2010). Asi,
se establece la siguiente relacion:

Tiempo muerto = Tiempo real — Tiempo Vivo (2.9)
2.1.15  Célculo del tiempo muerto

Existen dos modelos para describir el comportamiento del tiempo muerto: la respuesta
paralizable y la respuesta no paralizable. En el primer modelo, mientras las particulas llegan
al detector en intervalos de tiempo menores que el tiempo muerto, el sistema se “congela”
durante ese periodo. En este estado, solo es capaz de identificar y registrar el pulso de la
primera particula que impacta, hasta que el tiempo entre dos particulas sea superior al tiempo
muerto. En el segundo modelo, el sistema se "congela™ durante un intervalo equivalente al
tiempo muerto antes de recuperar la capacidad de distinguir otra particula. Estos dos modelos

presentan diferencias significativas cuando se opera a tasas de conteo elevadas (Knoll, 2010).
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Figura 8

llustracion de los dos modelos de tiempo muerto
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Nota. Tomado de Knoll (2010).

Un método cominmente utilizado es el de dos fuentes (two-source method), este
enfoque se basa en la tasa de conteo de dos fuentes analizadas por separado y en su
combinacion. Dado que la pérdida de conteo no es lineal, la tasa obtenida al combinar las
fuentes serd inferior a la suma de las tasas individuales. Asi, el tiempo muerto se calcula a
partir de esta discrepancia. Se define ni, n2 y ni2 como las razones de conteo verdaderas
(muestra méas fondo) de la fuente 1, 2 y a la combinacion de ambas, respectivamente. Ademas,
sean my, m2 y ma2 las razones de conteo observadas (sin considerar el fondo), = el tiempo muerto
y mp la tasa de conteo de fondo observada (medida). A partir de esta informacién, podemos
deducir lo siguiente:

X =mymy — mymyo (2.10)

Y = myma(mis + myp) — mymaa(my + mo) (2.11)
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Y (my +my — myy — my,) (2.12)
7 —
X2
X[1— (1 — 2)/2] (2.13)
a Y

Para el caso de un fondo nulo (ms, = 0) se considera la expresion aproximada:

I o . 1/2
__ mima[myma(mys — my)(mya — my)] (2.14)
mqmaoniy2

2.1.16  Eficiencia en la deteccidn de rayos gamma
Se refiere a la cantidad de radiacion gamma que es detectada por el centellador, también

conocido como la eficiencia absoluta (¢) (Demir et al., 2008).

o Nimero de gammas detectados (2.15)
" Nimero de gammas emitidos por la fuente '

La eficiencia absoluta de pico para una determinada energia, conocida también como
eficiencia de un detector centellador (e.), se calcula a partir del espectro gamma. Este se
obtiene al dividir el nimero de cuentas netas del fotopico (N,) dividido entre la intensidad
de probabilidad de emision de energia (/), la actividad del radiondclido (A) y el tiempo de

recuento de la muestra (t,) (Villarreyes et al., 2023).

cTT AL, (2.16)
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2.1.17  Error absoluto, error relativo y error relativo porcentual
Se define el error absoluto AE, como la diferencia entre el resultado de la medida M y
el verdadero valor Mo de la magnitud a medir:
AE = M — M, (2.17)
En un sentido estricto, esta definicién no se puede aplicar literalmente a las medidas
fisicas, ya que nunca podremos conocer con exactitud el valor de una magnitud. Por ello, se
considera como Mo el valor que mas se aproxima al verdadero.

El Error Relativo Er es el cociente entre el error absoluto AE y el verdadero valor.

_AE

PR =0 (2.18)

El Error Relativo porcentual es el Ez expresado en tanto por ciento, su expresion es:

Er(%) = |ER| - 100 (2.19)
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I1l. METODO

3.1 Tipo de investigacion

Descriptiva cuantitativa, transversal y prospectivo. Se tomaron datos con la cadena de
deteccidn de radiacion gamma de fuentes radiactivas calibradas y puntuales.
3.2 Ambito temporal y espacial

La investigacion se desarrolld a finales del afio 2023 y durante el afio 2024, con toma
de datos en fechas especificas acordes a la disponibilidad de los laboratorios y equipos de la
Universidad Nacional Federico Villarreal (UNFV) y la Universidad Nacional Mayor de San
Marcos (UNMSM) - grupo de investigacion INFISA.
3.3 Variables
3.3.1  Variables independientes

Actividad, energia de los rayos gama del Cs-137, Co-60, Am-241, Ba-133 y Na-22.
3.3.2  Variables dependientes

Espectros de los fotopicos y eficiencia del detector del Nal(Tl).
3.4 Poblacion y muestra
3.4.1 Poblacion

Se trabajo con todos los datos medidos de las fuentes radiactivas (Cs-137, Co-60, Am-
241, Ba-133 y Na-22).
3.4.2  Muestra

No aplicable porque se trabaj6 con toda la poblacién.



3.5 Instrumentos

351 Fuentes radiactivas
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Se usaron 5 fuentes radiactivas del grupo de investigacion - INFISA de la Universidad

Nacional Mayor de San Marcos (UNMSM) y 4 fuentes radiactivas del laboratorio radiaciones

de la Universidad Nacional Federico Villarreal (UNFV).

Tablal

Datos técnicos de las fuentes utilizadas - INFISA

Fuentes radiactivas puntuales - UNMSM

Fuentes Fecha de fabricacion Actividad inicial
Am-241 Agosto 2006 370 000 Bq (10uCi)
Ba-133 Setiembre 2018 1 pCi
Co-60 Setiembre 2018 1 pCi
Cs-137 Octubre 2018 0,25 pCi
Na-22 Setiembre 2018 1 uCi




Tabla?2

Datos técnicos de las fuentes utilizadas - UNFV

Fuentes radiactivas puntuales - UNFV

Fuentes Fecha de fabricacion Actividad inicial
Ba-133 Diciembre 2018 1 puCi
Co-60 Noviembre 2018 1 puCi
Cs-137 Diciembre 2018 0,25 pCi
Na-22 Noviembre 2018 1 uCi

Figura9

Fuentes radiactivas certificadas UNMSM

Nota. Realizado por el autor.
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Figura 10

Fuentes radiactivas certificadas UNFV

Nota. Realizado por el autor.

3.5.2  Detectores de centelleo de Nal(TI)

Se utilizaron 3 detectores de Yoduro de sodio (Nal(TI)). El detector con tamafio cristal
1,5"x1,5" esta ubicado en el laboratorio de radiaciones UNFV, mientras que los otros dos estan

ubicados en el laboratorio INFISA - UNMSM. Se detalla las especificaciones en la siguiente

tabla.
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Datos técnicos de los equipos de espectroscopia gamma

Detectores yoduro de sodio [Nal(Tl)]

Especificaciones técnicas 1,5"x1,5" 2"x2" 3""x3"
Marca REXON BICRON BICRON
Modelo Nal 1,5px 1,5/151V  2M2/2-XB 3M3/3
Serie #170508-10 60007-03507-1  ES-294
Procedencia USA INDIA USA
Cristal 1,5" (3,8 cm) 2" (5,08 cm) 3" (7,62cm)
Voltaje de funcionamiento 750V 600 V 600 V
Figura 11

Detectores de centelleo 3"x3", 2"x2" y 1,5"x1,5" respectivamente

Nota. Realizado por el autor.
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3.5.3  Software UCS-30y MCZAnalyzer

Los detectores de radiacion nuclear son capaces de generar pulsos electronicos que
contienen informacion sobre la radiacion nuclear que interactud con ellos.

El UCS-30 produce una visualizacion en vivo de alta resolucion y en tiempo real de
datos espectrales con graficos de PC estandar que se ejecutan en Windows (2000 y superior).

El software ofrece control total de todas las funciones, incluidas las preestablecidas en
tiempo real y regiones de interés (ROI), junto con célculos de centroide, area bruta y neta. El
control del amplificador de hardware, alto voltaje, ADC y discriminadores de entrada también
se realiza a través de botones de funcion para una calibracion y operacion sencillas. Para
la identificacion de picos, el cursor se puede calibrar para leer directamente en unidades de
energia, utilizando un sistema lineal de 2 puntos o calibracion de relacion cuadratica de 3

puntos para permitir la no linealidad del detector (Spectrum Techniques, s. f.).

Figura 12

Interfaz del software UCS-30, se muestra el espectro del Cs-137
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Nota. Realizado por el autor.
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El software Multi-Channel Analyzer (MC2Analyzer) produce una visualizacion en vivo
de alta resolucidn y en tiempo real de datos espectrales y gestiona la adquisicion con algoritmos
de altura de pulso. De hecho, MCZ?Analyzer utiliza el poder de adquisicion de los
digitalizadores rapidos como el CAEN DT5780.

El software ofrece control total de todas las funciones, incluidas las preestablecidas en
vivo/en tiempo real y regiones de interés (ROI), junto con calculos de centroide, area bruta
y neta. Para la identificacion de picos, el cursor se puede calibrar para leer directamente
en unidades de energia, utilizando un sistema lineal de 2 puntos o calibracion de relacion
cuadréatica utlizando como base 3 puntos, uno puede seleccionar mas puntos del espectro
a analizar. Sin embargo, el software adaptara el mejor ajuste a una ecuacion cuadratica

(MC2Analyzer User Manual, 2019).

Figura 13

Interfaz del software MCZAnalyzer, se muestra el espectro del Co-60
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Nota. Realizado por el autor.
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3.5.4  Programa GENIE2000
En el andlisis de los espectros obtenidos, se empled el software GENIE2000. Este
programa dispone de herramientas profesionales que facilitan la visualizacion, edicién, analisis
y almacenamiento de espectros.

Figura 14

Interfaz del software GENIE2000, se muestra el espectro del Ba-133
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Nota. Realizado por el autor.

Las herramientas utilizadas en el presente trabajo fueron:

- Calibrate > Energy only calibration: Esta herramienta permite ingresar manualmente
Unicamente los pares de energia y canal, lo que facilita la generacién de una curva de ajuste
para la calibracion energética.

- Analyze > Peak locate > User specified: Este método determina el centroide de cada
pico presente en la region de busqueda, tal como se detalla en "Ubicacion de pico especificado
por el usuario”, y facilita la identificacion de picos en funcion de su relevancia. Se puede

visualizar en la figura 13.
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- Analyze > Peak area > Sum/Non-Linear LSQ Fit: Su proposito es analizar los picos
que ya han sido identificados con la herramienta Peak locate, llevando a cabo el célculo del
Area Neta del Pico (Net Peak Area - NPA) y evaluando la incertidumbre del canal central, el
ancho completo a mitad de altura (FWHM) y el fondo continuo que se encuentra debajo del
pico.

- Analyze > Nuclide Identification: Este andlisis facilita la identificacion de posibles
isdtopos presentes en el espectro que se encuentren dentro de la Region de Blsqueda o que
coincidan con cualquiera de los limites establecidos.

La calibracién de energia actual se empleara para verificar si un pico de la biblioteca se

ubica dentro de dicha regién. Esta informacion es visible en la figura 14 (Canberra, 2013).
Figura 15

Software GENIE2000, se muestra el espectro del Am-241
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Nota. Realizado por el autor.
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3.5.5 Software Efficiency Transfer for Nuclide Activity Measurements - ETNA
Es un programa desarrollado por LABORATOIRE NATIONAL HENRI BECQUEREL
que permite calcular la eficiencia de transferencia en condiciones de medicion distintas a las de
calibracion, asi como corregir los efectos de sumas coincidentes.
El programa simula las propiedades geométricas de los detectores de radiacion gamma,
considerando aspectos como el tamafio del cristal, la distancia de calibracion respecto a la

fuente y las dimensiones de la fuente, entre otros (Lépy et al., 2004).

Figura 16

Interfaz del software ETNA
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Figura 17

Software ETNA - propiedades geométricas
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3.6 Procedimientos

3.6.1 Fuente radiactiva de referencia

42

Para el proceso de poder tener una visualizacion del espectro desde bajas a altas energias

se elige una fuente radiactiva con varios fotopicos energéticos. En este caso se utilizo el Radio

(Ra-226), se procedio a ajustar los parametros del software MC2Analyzer hasta visualizar todo

el espectro.

Condiciones ambientales: 23°C

+ 5°C y Humedad Relativa < 75%.
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Figura 18

Espectro de la fuente radiactiva Ra-226

Nota. Se muestra el espectro para el detector 3"x3". De la misma manera se procede con los

otros 2 detectores. Realizado por el autor.
3.6.2 Puesta a punto del espectrometro gamma

Para llevar a cabo el anélisis de los espectros de las fuentes radiactivas, es necesaria una
adecuada preparacion del sistema de espectrometria. En nuestro caso, se han establecido las
siguientes caracteristicas operativas:

- Calibracion en energia. Establece la conexion entre la energia y el canal del espectro,
lo que posibilita la determinacion de la energia de las emisiones detectadas.

- Resolucidn. Nos muestra la capacidad del sistema para diferenciar entre emisiones de
diversas energias.

- Eficiencia de deteccidn. Consiste en establecer la relacion entre la tasa de emision de
la muestra y la tasa de deteccion del detector. Comprender esta relacién nos permite determinar

la actividad de las muestras.



Figura 19
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Visualizacion de los 5 espectros (Am-241, Ba-133, Na-22, Cs-137 y Co-60) del detector 3"x3"

después de la puesta a punto

-
hﬁhﬂ;“ HR e

Figura 20

Nota. Hecho en el software MC2Analyzer. Realizado por el autor.

Visualizacion de los 4 espectros (Ba-133, Na-22, Cs-137 y Co0-60) del detector 1,5"x1,5"

después de la puesta a punto

400

400

e SETHED  m—SHET e SO A e S5

Nota. Realizado por el autor en Excel.
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Figura 21

Visualizacion de los 5 espectros (Am-241, Ba-133, Na-22, Cs-137 y Co-60) del detector 2"x2"

después de la puesta a punto

Nota. Hecho en el software MC2Analyzer. Realizado por el autor.
- Radiacion de fondo ambiental. Es recomendable llevar a cabo la deteccion de
radiacion externa a la muestra con el objetivo de identificar posibles interferencias y
descontarlas de la medicion. Se presenta el fondo del laboratorio del detector de 1,5"x1,5"

durante una hora el 6 de diciembre de 2023.
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Figura 22

Visualizacioén de la radiacion de fondo ambiental en el laboratorio UNFV

Bl Spectrm Mooe Diaply Seftegs Wotops Measereresl SIrg Backprousd Yew e

* B0 ]

Nota. Hecho en el software UCS-30. Realizado por el autor.

3.6.3 Toma de datos de las fuentes radiactivas variando su distancia

Para la puesta a punto del equipo de espectrometria gamma, se procedié a variar la
distancia de las fuentes radiactivas con paso de 1 cm hasta los 10 cm, siendo el tiempo real
(Real time - RT) 300 segundos para todos los espectros. Ademas, para el detector 3"x3" se
realiz6 con un blindaje de plomo, en cambio para los otros detectores se tomo los datos sin

blindaje.



Figura 23

Visualizacion de la variacion de la distancia en el detector 2"x2"

Figura 24

Visualizacion de la variacion de la distancia en el detector 1,5"x1,5"
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Figura 25

Visualizacion de la variacion de la distancia en el detector 3"x3"

3.6.4  Actividad final de las fuentes radiactivas
Se calcularon las actividades finales de todas las fuentes radiactivas utilizadas en este
trabajo de tesis de acuerdo a su fecha de trabajo, se tomaron las ecuaciones dadas en 2.2 y 2.4.

Ademas se tomaron datos del periodo de semidesintegracion (71,2) de Live Chart of Nuclides >

Decay radiation del International Atomic Energy Agency (IAEA).

Se detalla en las siguientes tablas:



Tabla4
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Datos considerados y calculados para el detector 1,5"x1,5"

Datos

Ba-133 Cs-137 Na-22 Co-60

Actividad inicial (uCi)

T12 (afos)

A (1/afios)

Tiempo Activo (afios)

Actividad final (uCi)

1 0,25 1 1
10,5 30,08 2,6 5,27
0,066 0,023 0,0267 0,132
5,247 5,17 5,286 5,247

0,7072 0,2219 0,2443 0,5015

Tabla5s

Datos considerados y calculados para el detector 2"'x2"

Datos

Am-241 Ba-133 Cs-137 Na-22 Co-60

Actividad inicial (uCi)
T12 (afios)
A (1/anos)
Tiempo Activo (afios)

Actividad final (uCi)

10 1 0,25 1 1
432,6 10,5 30,08 2,6 5,27
0,0016 0,066 0,023 0,0267 0,132
17572 5475 5406 5575 549

9,7224 0,6967 0,2207 0,2262 0,4857




Tabla6

Datos considerados y calculados para el detector 3"x3"
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Datos Am-241 Ba-133 Cs-137 Na-22 Co-60
Actividad inicial (UCi) 10 1 0,25 1 1
T12 (afnos) 432,6 10,5 30,08 2,6 5,27
A (1/afios) 0,0016 0,066 0,023 0,0267 0,132
Tiempo Activo (afios) 17,22 54 5053 5514 514
Actividad final (uCi) 9,7278 0,7001 0,2225 0,2299 0,5086

3.6.5 Célculo de las eficiencias experimentales

Se hall¢ las eficiencias para cada detector, por ello es necesario conocer los pardmetros

expresados en la ecuacion 2.16. El numero de cuentas netas del fotopico (N») se calculd

mediante GENIE2000, el tiempo real (t;) se deriva de la toma de data y la probabilidad de

emision de energia (/) se extrajo de Live Chart of Nuclides > Decay radiation del International

Atomic Energy Agency (IAEA).
Se detalla en los siguientes cuadros el tr € I:

Tabla7

Datos considerados para el calculo de eficiencia

Datos Am-241 Ba-133 Cs-137 Na-22 Co-60
Tiemporeal (s) 300,002 300,002 300,002 300,002 300,002
| (Decimal) 0,359 0,6205 0,851 0,9994 00,9985 (1173,2keV)

0,999826 (1332,5keV)
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Para el célculo de nimero de cuentas netas (N,), se toman como referencia las
recomendaciones dadas en la norma 11929:2010(E) desarrollada por el comité técnico ISO/TC
85 de la International Organization for Standardization (ISO, 2010), donde se establecen los
limites que deben considerarse. Lineas abajo se presenta un extracto referido a los limites.
La region B comprende todos los canales pertenecientes a la linea y tiene el contenido
total, ng , y el ancho, t,. Si la forma de la linea se puede asumir como una curva
gaussiana con el ancho total, h, a la mitad del méaximo, si las fluctuaciones de la
asignacion de canales no pueden ser excluidos o el fondo no domina, por ejemplo, con
lineas pronunciadas, se debe tener en cuenta lo siguiente:

- h<>FWHM

-ty ~ 2,5%h

En caso de fondo dominante, la anchura més favorable:

~ty ~1,2*h

(1SO, 2010, p. 27).
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Figura 26

Disposiciones de las regiones para el fotopico
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Nota: Tomado de ISO (2010, p. 28).
3.6.6  Transferencia de eficiencia
Hecho el calculo de las eficiencias experimentales, se procedié mediante el software
ETNA a hallar la transferencia de eficiencia, para este trabajo de tesis se tomé como eficiencia
de referencia la distancia mas cercana al detector (0,25cm), seguidamente se procedié con la
transferencia de eficiencia desde 1 cm hasta 10 cm para hacer la comparacién con las eficiencias

experimentales.
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Se considero las especificaciones técnicas de los tres detectores utilizados para

poder introducirlos en la seccion Calibracion propiedades geométricas. Se muestra las
especificaciones para el detector Nal(TI) de 3"x3".

Figura 27

Especificaciones técnicas del detector 3"x3"
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Figura 28
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Figura 29

Ingreso de las eficiencias experimentales - ETNA
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3.7 Anélisis de datos

Los espectros gamma de diversas fuentes radiactivas, asi como los tiempos muerto y
vivo, fueron recolectados y procesados utilizando un software especializado. Este proceso
permitio la visualizacion en tiempo real de los datos, de los cuales se generara una base de
datos. A partir de estos espectros, se determinaron los centroides de los fotopicos, el ancho a
media altura (FWHM), las curvas de calibracién y el conteo respectivo a través del programa
GENIE2000.

Las medidas de tiempo muerto se analizaron a través de una grafica, luego se procedid
a visualizar el comportamiento que tiene con respecto a los picos suma.

Las medidas de tiempo muerto se analizaron a través de una grafica, luego se procedid
a visualizar el comportamiento que tiene con respecto a los picos suma.

Respecto a las curvas de eficiencia, se estimo su comportamiento desde bajas a altas
energias y se compararon estas tres curvas experimentales para determinar cual tiene mayor
eficiencia.

Respecto a la transferencia de eficiencia se calcularon mediante el software ETNA,
donde se tomaron una eficiencia origen y las especificaciones técnicas del equipo.

Por dltimo, para la comparacién de las eficiencias simuladas por transferencia y las
experimentales se utiliz6 el porcentaje de error para determinar si tienen un margen aceptable

de confiabilidad.
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IV. RESULTADOS
4.1 Curvas de calibracion
Se hallaron las curvas de calibracion de canales en energia para cada detector arrojando
lo siguiente:
Para el detector 1,5"'x1,5"

B(keV) = —5,532- 107 - Canal® + 3,999 - Canal + 0, 5436 4.1)

Para el detector 2''x2""

E(keV) = 3,662-10"* . Canal® + 3,187 - Canal — 4, 365 (4.2)

Para el detector 3''x3""

E(keV) =4,111-10"* - Canal® + 3,939 - Canal — 7, 588 4.3)

Figura 30

Calibracion de energias del espectro total 1,5"x1,5" utilizando GENIE2000
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Figura 31

Calibracion de energias del espectro total 2"'x2" utilizando GENIE2000

Figura 32
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4.2 Tiempo muerto

De los datos de dos fuentes de Cs-137 se hall6 el tiempo muerto para el detector 3"x3".
Se utilizaron las ecuaciones 2.10,2.11,2.13 y 2.14, donde se obtuvo:

7 = 1,95 s

4.3 Tiempo real, Tiempo no disponible para la toma de datos y tiempo vivo

Se detalld los tiempos de adquisicion total (tiempo real - RT), tiempos disponibles para
la toma de datos (tiempo vivo - LT) y los tiempos no disponibles para la toma de datos (DT)
del tiempo de adquisicion total.

Ademas, los picos suma para los espectros disminuye al alejar las fuentes radiactivas del
detector, esto influye mucho el tiempo muerto de la adquisicion de datos ya que se visualiza que
decrecen hasta un limite que depende de la electronica del equipo. De los datos experimentales

tenemos este reporte para el Na-22:



Tabla8
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Datos experimentales del tiempo vivo, Tiempo no disponible para la toma de datos y tiempo

real para el Na-22

Dimensiones del cristal

Distancia
(cm) 1,5"x1,5" 2"x2" 3"x3"
LT(s) DT() RT(s) LT(s) DT(s) RT( LT(s) DT() RT(s)

0,25 287,5 12,5 300 297,811 2,190 300,001 286,136 13,866 300,002
1 292,03 797 300 298,375 1,626 300,001 290,101 9,900 300,001
2 295,05 4,95 300 298,805 1,197 300,002 292,255 7,747 300,002
3 296,7 33 300 299,028 0,973 300,001 294,253 5,749 300,002
4 297,48 2,52 300 299,131 0,870 300,001 295,493 4,508 300,001
5 298,07 1,93 300 299,185 0,817 300,002 295,966 4,035 300,001
6 296,36 1,64 300 299,140 0,862 300,002 296,555 3,446 300,001
7 298,64 1,36 300 299,190 0,811 300,001 297,134 2,867 300,001
8 298,78 1,22 300 299,156 0,846 300,002 297,176 2,825 300,001
9 298,9 11 300 299,165 0,837 300,002 297,433 2,569 300,002
10 298,99 1,01 300 299,046 0,956 300,002 297,497 2,504 300,001

Figura 33

Espectros variando la distancia desde 0,25cm hasta 10cm del Na-22 en el detector con cristal

3"x3"




Figura 34
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Espectros variando la distancia desde 0,25cm hasta 10cm del Na-22 en el detector con cristal

2"x2"

Figura 35
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4.4 Centroide del fotopico, Ancho a media altura (FWHM) y NUamero de cuentas

(Nn)
Los espectros se analizaron mediante el software GENIE2000, se mostraran algunas

gréficas de los resultados, para ver con detalle todas las graficas, vea el anexo.

Figura 36

Espectro del Am-241 a 0,25cm del detector con cristal 3"'x3" y el ROI del fotopico
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Figura 37

M n " H
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Figura 38

Espectro del Cs-137 a 0,25 cm del detector con cristal 2"x2" y el ROI del fotopico
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Figura 39

Espectro del Cs-137 a 0,25 cm del detector con cristal 3"x3" y el ROI del fotopico
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Figura 40

Espectro del Ba-133 a 1cm del detector con cristal 1,5"x1,5" y el ROI del fotopico
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Se detalla en las siguientes tablas el numero de cuentas netas (Net Peak Area - N,) de

todas las fuentes radiactivas (Villarreyes et al., 2023).
Nota. Am-241 (59,5 keV), Ba-133 (356 keV), Na-22 (1274,5 keV), Cs-137 (662 keV), Co-60

(1173,2 keV' y 1332,5 keV).

Tabla9

Datos experimentales de las cuentas netas para el detector con cristal 1,5"x1,5"

Distancia Numero de cuentas netas (Nn) cristal 1,5"'x1,5"

(cm) 36 keV  662keV 12745 keV 11732 keV 13325 keV

0,25 259207,60 107375,90  47537,12 89183,55 82546,39
1 169347,60 63647,61 32202,09 54405,38 49854,75
2 121590,90  35108,93 20245,60 34128,93 31660,64
3 72955,64  21953,32 13119,26 20700,87 20180,53
4 50343,05  15433,54 9716,47 15388,54 13798,36
5 37562,56  10614,75 6510,01 10932,16 10112,09
6 29039,52 7986,00 5367,07 8131,71 7984,64
7 22238,34  6195,76 3794,86 6130,79 6041,26
8 18225,30  5256,53 3302,01 5710,54 4650,01
9 14618,37 3903,38 2647,19 4266,05 4052,73

10 12815,03 3421,92 2414,29 3452,34 3235,38




Tabla 10

Datos experimentales de las cuentas netas para el detector con cristal 2"x2"

Distancia NuUmero de cuentas netas (Nn) cristal 2''x2""

cm
(em) 59,5keV 356 keV 662 keV 12745 keV 1173,2 keV 1332,5 keV

0,25 2659632 284270,1 163811,7 57304,32 106545,6 99413,09
1 2407280 225298,2 108476,4 4478757 75863,9 76655,77
2 1725960 154952,1 65812,76  33529,85 54352,6 52646,18
3 1307737  115176,9 46265,63  25141,14 39570,25 38285,71
4 988176,30 88347,49 32193,87 17712,67 25502,05 26499,86
5 762410,30 69718,06 23757,52  13977,18 22258,52 20611,95
6 591391,30 53066,87 17841,09 10756,81 16605,20 15265,53
7 473742,70 41588,83 13963,66 8370,62 13781,03 12792,72
8 324138,9 30973,24 11193,62 6755,81 11468,42 10869,7
9 269156,00 25966,80 9277,94 6039,36 9482,51 8413,76

10 224033,50 22024,31 7593,70 5335,24 7367,98 7323,33




Tabla11

Datos experimentales de las cuentas netas para el detector con cristal 3"'x3"

Distancia Numero de cuentas netas (Nn) cristal 3"'x3"

(cm) 595keV 356 keV 662 keV 12745keV 11732 keV 13325 keV

0,25 3919931  554885.3 3336555 96249.05  268755.2 233116.5
1 2658692  432513,2 1984412 89798,01  195594,5 166769,7
2 1435084 341928  154748,1  72472,09  135993,2 121042,5
3 1057981 234368,2 108668,4 62106,68  98588,06 83445,27
4 815077,7 189971,1 80968,17 48361,12  72611,77 64975,53
5 659970,1 1485184 62749,5 41441,37  56758,52 48804,63
6 509604,1 126411,8 47613,94  32593,67  45382,84 40429,98
7 344618,7 106379,8 3749326  26700,05  38626,87 32974,45
8 276319,50 86846,44 31876,18 22554,35  30649,17 24333,31
9 231336,60 72672,40 26811,91 18518,70  24521,83 22346,11

10 194140,2 59052,09 22908,80  15946,39  21136,40 18169,38
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4.5 Resolucion vs Energias
Los espectros fueron analizados con GENIE2000, se procedié a modelar el
comportamiento de su resolucion energetica en porcentaje (%) para la distancia 0,25 cm versus

energia (keV) con lo manifestado en la ecuacion 2.8 y se obtuvo:

Tabla12

Datos experimentales de las resoluciones

Energia Resolucion (%)

(keV) 1,5"x1,5" 2"x2" 3"x3"

59,5 — 19,30 22,62
356 8,86 9,55 10,67
662 7,00 735 1,72

1173,2 5,03 545 558
12745 5,09 584 593

13325 491 513 526




68

Figura 41

Gréficaresolucion (%) vs energia (keV)
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4.6 Eficiencias experimentales
De lo expresado en la ecuacion 2.16, tablas 2, 3,4 y 5, se obtienen los siguientes

resultados:



Tabla 13

Datos experimentales de las eficiencias para el detector con cristal 1,5"x1,5"

Eficiencias (z,) del cristal 1,5"'x1,5"

Distancia

(cm) 356 keV 662 keV 1274,5keV 1173,2keV 1332,5 keV

0,25 0,0532 0,0512 0,0160 0,0175 0,0148
1 0,0348 0,0304 0,0098 0,0119 0,0090
2 0,0250 0,0167 0,0061 0,0075 0,0057
3 0,0150 0,0105 0,0037 0,0048 0,0036
4 0,0103 0,0074 0,0028 0,0036 0,0025
5 0,0077 0,0051 0,0020 0,0024 0,0018
6 0,0060 0,0038 0,0015 0,0020 0,0014
7 0,0046 0,0030 0,0011 0,0014 0,0011
8 0,0037 0,0025 0,0010 0,0012 0,0008
9 0,0030 0,0019 0,0008 0,0010 0,0007
10 0,0026 0,0016 0,0006 0,0009 0,0006
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Figura 42

Grafica eficiencias vs distancias en centimetros de la tabla 13
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Figura 43

Graéfica eficiencias vs energias de la tabla 13, variando las distancias
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Tabla 14

Datos experimentales de las eficiencias para el detector con cristal 2"x2"

Distancia Eficiencias (¢.) del cristal 2''x2""

(cm) 505 keV 356keV 662keV 12745 keV 11732 keV 13325 keV

0.25 00686 00592 00786 00198 00228 0,0185
1 00621 00470 00520 00141 00178 0,0142
2 00445 00323 00316 00101 00134 0,0098
3 00338 00240 00222 00074 00100 0,0071
4 00255 00184 00154 00047 00071 0,0049
5 00197 00145 00114 00041 0,056 0,0038
6 00153 00111 00086 00031 0,043 0,0028
7 00122 00087 00067 00026  0,0033 0,0024
8 00084 00065 00054 00021 0,027 0,0020
9 00069 00054 00044 00018 0,002 0,0016

10 0,0058 0,0046 0,0036 0,0014 0,0021 0,0014




Figura 44

Grafica eficiencias vs distancias en centimetros de la tabla 14
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Figura 45

Gréfica eficiencias vs energias de la tabla 14, variando las distancias
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Tabla 15

Datos experimentales de las eficiencias para el detector con cristal 3"x3"

Distancia Eficiencias (¢.) del cristal 3''x3""

(cm) 595 keV 356keV 662keV 12745keV 11732 keV 1332,5 keV

0.25 01011 01151 01587 00477 00377 0,0414
1 00686 00897 00944 00347 00352 0,0296
2 00370 00709 00736 00241 00284 0,0215
3 00273 00486 00517 00175 00243 0,0148
4 00210 00394 00385 00129 00190 0,0115
5 00170 00308 00299 00101 00162 0,0087
6 00131 00262 00227 0008l 00128 0,0072
7 00089 00221 00178 00069 00105 0,0058
8 00071 00180 00152 00054 0,008 0,0043
9 00060 00151 00128 00043 0,073 0,0040

10 0,0050 0,0122 0,0109 0,0037 0,0063 0,0032




Figura 46

Grafica eficiencias vs distancias en centimetros de la tabla 15
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Figura 47

Gréfica eficiencias vs energias de la tabla 15, variando las distancias
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4.7 Transferencia de eficiencia y error relativo porcentual
Una vez obtenidos los datos experimentales, se tomé como eficiencia origen calibrado

la distancia 0,25 cm. Se muestra los resultados de la transferencia mediante software ETNA.

Tabla 16

Datos simulados mediante transferencia eficiencia para el detector con cristal 1,5"x1,5"

Transferencia de eficiencias cristal 1,5"'x1,5"

Distancia
(cm) 356 keV 662 keV 12745keV 11732 keV 13325 keV
1 0,03034 0,02931 0,01004 0,00920  0,00861
2 0,01706 0,01663 0,00572 0,00523  0,00491
3 0,01083 0,01064 0,00368 0,00336  0,00315
4 0,00745 0,00738 0,00256 0,00234  0,00220
5 0,00543 0,00541 0,00188 0,00172  0,00161
6 0,00413 0,00413 0,00144 0,00131  0,00124
7 0,00324 0,00325 0,00114 0,00104  0,00098
8 0,00261 0,00263 0,00092 0,00084  0,00079
9 0,00215 0,00217 0,00076 0,00069  0,00065

10 0,00180 0,00182 0,00064 0,00058  0,00055




Figura 48

Grafica eficiencias simuladas vs distancias en centimetros de la tabla 16
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Tabla17

Datos simulados mediante transferencia de eficiencia para el detector con cristal 2""x2"

Distancia Transferencia de eficiencias cristal 2"'x2""

(cm) 59,5keV 356 keV 662keV 12745keV 11732keV 13325 keV
1 00503 00362 00479 00139 00121 0,0113
2 00310 00213 00284 00083 00072 0,0067
3 00198 00138 00185 00054 00047 0,0044
4 00133 00096 00130 00038 0,033 0,0031
5 00095 00070 00096 00028 0,025 0,0023
6 00070 00054 00074 00022 0,019 0,0018
7 000537 000422 00058 00017  0,0015 0,0014
8 00042 00034 00047 00014 00012 0,0011
9 00034 00028 00039 00012 0,010 0,0009

10 0,0028 0,0024  0,0033 0,0010 0,0009 0,0008




Figura 49

Grafica eficiencias simuladas vs distancias en centimetros de la tabla 17
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Tabla 18

Datos simulados mediante transferencia de eficiencia para el detector con cristal 3"x3"

Distancia Transferencia de eficiencias cristal 3''x3"

cm
cm) 59,5keV 356 keV 662 keV 1274,5keV 1173,2 keV 1332,5 keV

1 0,0831 0,0843  0,1157 0,0274 0,0346 0,0300
2 0,0607 0,0579  0,0798 0,0189 0,0239 0,0208
3 0,0442 0,0416  0,0577 0,0137 0,0174 0,0151
4 0,0327 0,0310  0,0433 0,0104 0,0131 0,0114
5 0,0248 0,0239  0,0336 0,0081 0,0102 0,0089
6 0,0193 0,0189  0,0268 0,0065 0,0082 0,0071
7 0,01534 0,01528 0,0218 0,0053 0,0067 0,0058
8 0,0124 0,0126  0,0181 0,0044 0,0055 0,0048
9 0,0103 0,0106  0,0152 0,0037 0,0047 0,0041

10 0,0086 0,0090  0,0130 0,0032 0,0040 0,0035




Figura 50

Grafica eficiencias simuladas vs distancias en centimetros de la tabla 18
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Del error relativo porcentual, ecuacion 2.19, comparando los datos experimentales y
simulados desde 1cm resulta:

Tabla 19

Error relativo porcentual de la comparacion experimental - simulacion para el detector con

cristal 1,5"x1,5"

Distancia  Error relativo porcentual (2x) cristal 1,5"'x1,5™

(cm) 356 keV 662 keV 12745keV 11732keV 13325 keV
1 12,7 3,5 15,5 6,0 3,9
2 31,7 0,7 234 14,8 13,7
3 27,7 1,6 24,0 98 13,1
4 279 0,2 28,6 15,5 11,5
5 29,6 6,8 21,7 125 11,4
6 30,7 84 273 10,2 13,6
7 29,0 10,1 18,6 5,7 10,1
8 30,2 49 245 18,2 54
9 28,4 16,5 22,2 10,1 10,7

10 31,6 115 28,1 6,6 54




Figura 51

Grafica error porcentual vs distancias en centimetros de la tabla 19

Tabla 20

Error relativo porcentual de la comparacion experimental - simulacion para el detector con

cristal 2"x2"
Distancia Error relativo porcentual (zx) cristal 2''x2"
©M)  soskev 3s6kev 662kev 12745keV 11732keV 13325 keV
1 19,1 22,9 79 22,2 14,3 20,8
2 30,5 34,1 10,2 38,2 29,0 31,5
3 41,4 42,5 16,5 45,8 36,0 38,1
4 47,7 479 15,8 45,8 30,0 36,9
5 51,9 51,6 15,7 49,1 40,6 39,9
6 54,1 51,5 13,8 49,0 38,6 37,4
7 56,1 51,3 12,9 48,0 414 40,7
8 49,4 47,2 119 47,7 43,7 43,3
9 50,8 48,1 12,1 51,5 42,7 39,3

10 51,3 48,7 9,7 53,9 379 41,3




Figura 52

Grafica error porcentual vs distancias en centimetros de la tabla 20

Tabla21
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PORCENTAJE
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+595KeV w356 KoV 1662 KoV - 1Z74,5HeV =11732 HaV = 1332,5 KoVl

Error relativo porcentual de la comparacion experimental - simulacion para el detector con

cristal 3"x3"
Distancia Error relativo porcentual () cristal 3''x3

(cm) 59,5 keV 356 keV 662 keV 12745 keV 1173,2keV 1332,5 keV
1 21,2 6,0 22,6 22,2 0,3 14
2 64,0 18,3 8,4 33,5 09 3,1
3 62,0 144 11,6 4377 0,5 2,0
4 55,5 21,3 124 45,1 1,7 11
5 45,7 22,4 12,6 50,1 13 2,8
6 46,8 27,9 18,3 49,1 19 1,0
7 72,6 30,7 22,2 494 2,2 0,8
8 74,0 30,0 194 50,2 1,2 11,2
9 72,6 29,7 19,2 49,0 7,6 34
10 71,7 26,5 19,3 48,8 6,7 8,6
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Figura 53

Grafica error porcentual vs distancias en centimetros de la tabla 21

595 HeW w356 HeW 4662 KoV - 12745KeV 1732 KeV  » 13325 eV

- . :

60,0

500

0g

PORCENTAJE

ng

100

00
o 1 2 El 4 5 6 7 8 9 o
DISTANCIA EN CENTIMETROS

Se presenta una comparacion grafica de algunos datos del detector 2"x2" entre las

eficiencias experimentales y simuladas.

Figura 54

Comparacion grafica de eficiencias en el detector 2"x2" a 1 cm de las tablas 14 y 17
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V. DISCUSION DE RESULTADOS

En esta investigacion, los datos obtenidos estan dentro del rango comparado con los
valores en el trabajo de EI Hamli et al. (2022), ellos encontraron para el detector 1,5"x1,5" que
la resolucion va desde un 14 % hasta 4,5 %, mientras los datos de resolucion presentados en
esta investigacion van 9 % hasta 4,9 % aproximadamente; para el de 2"'x2" los datos estan fuera
de rango ya que ellos encontraron valores desde un 11,9 % hasta 4,8 % y el de 3"x3" de igual
forma los datos estan fuera, va desde un 11,2 % hasta 4,0 %.

En el caso de la eficiencia, los autores encontraron que para el 1,5"x1,5" los valores
estan en el rango de 0,051 hasta 0,004 que esta acorde con lo encontrado en este trabajo de tesis
para 0,25 cm que va desde 0,0532 hasta 0,0148; en el caso del 2"x2" los autores encontraron
valores que estan entre 0,064 y 0,01 que esta acorde con lo encontrado en este trabajo de tesis
para 0,25 cm que va desde 0,0686 hasta 0,0185, en el de 3"x3" se encontro valores fuera de
rango, los autores encontraron datos que estan entre 0,084 y 0,018 mientras que en este trabajo
de tesis va desde 0,1011 hasta 0,0414. Por otro lado, los valores estan fuera del rango con los
datos obtenidos por Casanovas et al. (2013), para el centellador de 2"x2", encontraron una
resolucion que va desde el 9 % hasta el 5,2 %. Y finalmente nuestros valores estan en el rango,
con los datos obtenidos por Pilakouta et al. (2018), para la eficiencia de un 3"x3", obtuvieron
valores desde 0,15 hasta 0,038.

Para la transferencia de eficiencia mediante ETNA, los resultados estan en mayor parte
excediendo el 10% del error relativo porcentual, como los casos para la energia 662 keV del
Cs-137 la diferencia porcentual entre la eficiencia experimental y simulada va en el rango de
0,2% hasta 22,2% que contrastado con el articulo Lepy et al. (2001) va de acorde al margen de
los resultados reportados, cabe recalcar que los autores analizaron en detectores de Germanio

Hiperpuro mientras que el presente trabajo se hizo en detectores de Nal(Tl).
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El error relativo porcentual en algunos casos tiene una tendencia a crecer con la
distancia. Sin embargo, generalmente presenta saltos ascendentes y descendentes, influye el
tiempo de vida de la fuente al momento de la calibracion, condiciones de calibracion y ademas
ETNA realiza el calculo para una geometria de detector de fuente cilindrica coaxial dada y
considera un detector que contiene un vacio, en contraste con toma experimental que el medio

fue aire.
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VI. CONCLUSIONES

6.1. Se comprueba en las graficas que la mejor resolucion la tiene el detector de
1,5"x1,5" seguido del 2"x2" y al final 3"x3". Mientras el pico sea méas estrecho tendra mejor
resolucion. Para las eficiencias se corrobora que para todo el rango excepto para la fuente
del Am-241 que a partir de 2cm el detector 2"x2™" con respecto al 3"x3" tiene una mejor
eficiencia. La forma del espectro y su disposicion del Am-241, ademas de los parametros
introducidos en el software influyen, ya que para el detector 3"x3" se visualiza que su FWHM
estd mas préximo en canales y no engloba una mayor area.

6.2. Se corrobora ademas que la eficiencia del detector de tamafio cristal 1,5"x1,5" es
menor en todo su rango a los detectores 2"'x2" y 3"x3".

6.3. De los resultados obtenidos, en los detectores de 1,5"x1,5", 2"x2" y 3"x3" la
eficiencia serd mayor en el detector que tenga mayor dimension del cristal centellador. Dado
que la amplitud relativa de los picos y su distribucion depende de la radiacién incidente y de
las dimensiones del cristal. Cuanto mayor sea las dimensiones del cristal, mas se destacara el
fotopico sobre el resto de la distribucion (mas cuentas). Se utilizaron fuentes radiactivas con
cercana fecha de fabricacion. La eficiencia llega a un pico maximo y comienza a descender.

6.4. Se observa que la eficiencia depende también de la actividad de las fuentes
radiactivas. Ya que si escogemos una fuente con un tiempo de vida muy largo comparado con
su tiempo de vida media influira en el nimero de cuentas y por ende en la eficiencia. Cabe
resaltar que se visualizara este efecto mejor utilizando un mismo tiempo real (RT) de recuento

con las fuentes radiactivas.



87

6.5. En el detector 3"x3" se observé un salto abrupto en las eficiencias del Co-60 con

respecto al Na-22 y es debido a que detectd mas cuentas para el Co-60, ya que se puede

constatar segun los datos experimentales que la eficiencia del Na-22 también aumento respecto
a los otros detectores de 1,5"x1,5" y 2"x2".

6.6. Los picos suma de los espectros disminuye al alejar las fuentes radiactivas del

detector, esto influye mucho en el tiempo muerto del equipo.
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VIl. RECOMENDACIONES

7.1. Se recomienda tomar los datos con un detector que contiene vacio desde la fuente
al detector para evitar la interaccion de la radiacion con el aire y evitar la absorcion que pueda
haber.

7.2. Realizar las mediciones con fuentes radioactivas mas activas, que no excedan su
tiempo de vida media ya que con esto tendriamos picos mas altos en el detector de Nal.

7.3. Utilizar la fuente radiactiva Europio-152 (Eu-152) de referencia en los tres
detectores debido a sus abundantes fotopicos para poder iniciar con la puesta a punto de la cadena
gamma. Para la transferencia de eficiencia mediante ETNA, se recomienda elegir otras
eficiencias origen, por ejemplo 1 cm o0 2 cm y analizar si existe un cambio relevante en el
error relativo porcentual.

7.4. Se sugiere utilizar otros tipos de geometria, tanto de las fuentes radioactivas como
de los detectores de Nal.

7.5. Se propone utilizar un detector de Germanio Hiperpuro para un mejor analisis

y discriminacion de los fotopicos de radiacion gamma.
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IX. ANEXOS
Se detalla cada espectro analizado mediante el software GENIE2000 de todas las
fuentes radiactivas variando su distancia de forma descendente desde 0,25cm hasta 10cm, los

datos fueron presentados en las tablas ya mencionadas en este trabajo de tesis.

DETECTOR 1,5"x1,5" - ESPECTROS VARIANDO LA DISTANCIA Ba-133

[[1dle | Channel: 89 Preset: 0/0.00
Acquire
[Sa ) [(Ew
Expond On__|
Clenr I
ROI Index:
- =1
10° i | o d R AL s
Datasource | 1
Py [ Roxt 1000 2000
LS
MARKER INFO
FWHM, FWTM:  31.844. 50792 keV
Next Gaussian Ratio: 1012
AOI Typo: 1
[Prev | Integral: 604907
Peak Analysis Performed on: 17/04/2024 10:52:52
Peak Analysis From Channel: 1
Peak Analysis To Channel: 1024
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 keV
Poak ROI ROI Poak Energy Net Peak Net Areoa Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 81— o8 e9.89 359.S5 259207.6 1934.45 3456€99.3  .....
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
_Idle | Channel: 89 : 356. Countu: 35618
Acquire
Sten § [[SGp ]
Expand On__|
{ Clenr 1
ROI Index:
- +
Datasource 10'60 70'00
Trev ] [Res 2%
MERLESINES Loft Marker: 83 3321 koV FWHM. FWTM: 29,006 47867 keV
Next | Fight Moarkor: 95 3799 hoV Gaussion Rotio: 0091
Pvcvl Contioid. 89 356.7 eV RO Type: 1
MArea: 18235 2 034% Integeal. 332808
Peak Analysis Performed on: 17/04/2024 11:34:30
Peak Analysis From Channel: b
Peak Analysis To Channel: 1024
Tentative NID Library: C:I\GENIEZ2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROIX Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 83~ 9s 89.18 356.72 169347.6 1189.64 163460.3 KR-89
BA-133
M = First peak in a multiplet region
m = Other peak in a multiplet raegion
F = Fitted singlet
Errors quoted at 1.000 sigma




ROI Index: 10*
=3
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Peak Analysis From Channel:

Peak Analysis Paerformed on: 18/04/2024 13: 10 oz

Peak Analysis To Channel: 102
Tentative NID Library: c: \G!NXBZR\CAMFXLEs\stdlibz nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROI Poak Energy Net Poak Net Are. Continuum Tentative
No. Start End Centroid (kaVv) Area Uncert. Counts Nuclide
i 83~ oS 89.15 356.58 1215%0.9 887.07 87440.05 KR-89
BA-133
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
[Errors guoted at 1.000 sigma
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Peak Match Tolerance : 1.000 kxev
Peak ROIX ROI Peak Energy Netr Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncexrt. Counts Nuclide
1 83— @49 a8.88 355.50 72955.64 677.79 54€52.36 ZR-97
BA-133
KR-09
M = First peak in a multiplet region
im = Other peak in a multipler region
F = Fitted singlet
Errors quoted ac 1.000 sigma
356.0 keV Cou .00
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Peak Analysis From Channel: 1
Peak Analysis To Channel: 1024
Tentative NID Library: C:i\GENIEZK\CAMFILES\StdlibZ.nlb
Peak Match Tolerance 1@ 1.000 keVv
Poak ROI ROI Peak Energy No: Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) a Uncext. Counts Nuclide
1 83— o4q e8.90 385.61 S0343.058 540.45 324200.95 ZR-97
BA-133
KR-89
M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singlet
Exrrors guoted at 1.000 sigma
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n . 356.0 keV Preset: 0/0.00

Htan 10*

__Expandon_ || 1o

S 10°
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ROl Index: 10"
B3 B3 100 I&prum e .

| —
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oree] [N Y
MARKER INFO 63 . 3321 keV FWHM. FW M 29130, 42 358 ke
[Nes | %4 : 3skey Gaussian Ratio; 0816
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| EBr== : ‘zun <0 sax Integral:
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Peak Analysis From Chann

Peak Analys=is To Channe : 102
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kevV
Peoak ROI ROIX Peak Enercgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Are Uncexrt. Counts Nuclide
1 83~ 94 88.92 355.67 37562.56 472.73 26303.44 ZR-97
BA-133
KR-89
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
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> 100 N bl o e . L} == SRS
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Tentative NID Library: Qz \GENIEZK\CMFILEs\s:dlin nlb
Feak Match Tolerance : 1.000 kev
Peak ROI ROI Peak Energy Net Po-k Net Area Continuum Tentative
No. Start End Centroid (kaV) Ax Uncert. Counts Nuclide
1 83—~ a4 88.93 355.70 25039.52 410.48 19744.48 BA-133
ZR-97
KR~-8%
M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet
Errors quoted at 1.000 sigma
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Tentative NID Library: C:\GENIE2K\CAMFILES\StdlibZ2.nlb
Peak Match Tolerance @ 1.000 kev
Peak ROI ROI reak Energy Net Peak Net Area Continuum Tentative
No. Start Encd Centxroid (kaV) Area Uncert. Counts Nuclide
1 83— o4 88 .95 355.80 22238.34 363.72 1s5€10.¢6é6 BA-133
KR-89
ZR-97

M = First peak in a multiplet region
im = Other peak in a multiplet region
T = Fitted singlet

Errors quoted at 1.000 sigma
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No. Start End Centroid (kaVv) Area Uncert. Counts Nuclide
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KR-89
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M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
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Tentative NID Library C:\GENIEZK\CAMFILES\Stadlib2.nlb
Peak Match Tolerance : 1.000 kev
Paak ROX ROI Poak Enexgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Axrea Uncext. Counts Nuclide
1 83— o4 88.97 355.89 14618.37 303.s52 10966.6€3 BA-133
KR-89
ZR-97
M = First peak in a multipletr ragion
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
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ROl Index:
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Right Marker. 94 3759 keV Gaussion Ratio: 0795
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Errors gquoted at 1.000 sigma
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C:\GENIEZK\CAMFILES\Stdlib2.nlb

Peak Match Tolerance : 1.000 keVv
ak ROI ROI Poeak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
i 83— 94 88.98 355.92 12815.03 276.97 9079.97 BA-133
KR-89
ZR=97
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DETECTOR 1,5"x1,5" - ESPECTROS VARIANDO LA DISTANCIA Cs-137

ROl Index: 107
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Datasource 100 X
ey T wodl sy |
1000 2000 3000 4000
keV
MAFIKER INFO
S 3M2 6071 ke FWHM. FWTM. 46 65, 1 997 ke
[ Nexa | rhor: 182 7265 keV n-uus-. Mateo: 0366
—_— wr 656 A kv "o v
.5 | Arma: 107703 200% Intmgent 111565

M -
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E

rrors guoted at 1.000 sigma

Poak Analy=is Performed on: 19/04/2024 14: 57 a%
Poak Analysis From Channel:

Pmak Analysis To Channel: 10
Tentative NID Library: C!\GENIEZK\ChHFILES\StdLLDZ nlib
Peak Match Tolerance : 1.000 kev
Poak noI ROI Poak Energy Net Pank Net Areas Continuum Tentative
No. Start End Centroid (koV) Aroa Uncert. Counts Nuclide
1 i1s52- iez2 166.90 666.39 107375.9 414.71 3589.07 8Bp-126

First peak in a multiplet region
Othesr peak in & multiplet region
Fitted singlet

die

_Channel:

4000
KoV
fotatm o Y, Lol Madkes 152 G071 eV FWHM. WM 46 290 84 006 bt/
[ Nex | Might Markar. 102 726.5 ke Gaussian Ratio: 0,991
Prev | Centiont 167 656 2 ke HOL Type:
(wrev] Aroa G791 40 41% Integral 6197
Peak Analysis Performed on: 21/04/2024 13: lS s53
Poak Analysis From Channel:
Peak Analysis To Channel: 2
Tentative NID Library: (=23 \GtNZtZK\CMl‘XLBS\Stdlib?.nlb
Peak Match Tolerance : 1.000 keVv
Peak ROIX ROX Poak Enerqgy Ne!: Peak Net Area Continuum Tentacive
No. Start End Centroid (keV) Uncert. Counts Nuclide
1 is2- ieza 166.94 666.1% 63647.61 323.65 2549.39 en-126
M = First peak in a multiplet region
jm = Other peakx in a muitiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
A s ©
Acquire
B 10
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_Datasource 10° 1y "MH I"h | | i |
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kev
% eoscict Loft Markar 152 6071 ke FWHM, PWTM 44 53184 323 koW
Tight Marker 101 7225 keV Gaussion Natio. 1,020
Contront 167 665 8 koV/ HOL Type 1
Area I5308 4 005% Integrat 37345
Peaak Analysis Performed on: 21/04/2024 13: 23 10
Peak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library C:\GENIEZR\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peak ROIX ROI Peak Enerqy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Aroa Uncert. Counta Nuclide
1 152- 191 166.74 665.78 35108.93 265,91 2236.07 sSB-126
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
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[Hes) 1000 2000 4000
oy R INFO Lokt Maskme: 151 HO3 1 eV FWHM, FWTM 46692 04 454 b oV
N&ﬂl Tight Moo 107 TILB AW Gsssian Fatio 0952
[‘ﬁ"' " Cantioid 167 BES 4 heV HOU Type
Avea: 22259 s072% Integral: 23914

Tentative NID Library:
Peak Match Tolerance :

Peak ROX RO Peak tay
No. Start End Centroid (kav)

M = First peak in & multiplet region
bn = Other peak in a multiplet region
F = Fitted singlec
=

rrors guoted at 1.000 sigma

Peak Analysis pPerformed on: 21/04/2024 13: 29 41
Feak Analysis From Channel:
Peak Analysis To Channal: 102
CI\GENIEZR\CAMFILES\Stdlib2.nlb
1.000 kev

Net Peak Not Area Continuum Tentative
Araa Uncert. Counts Nuclide

1 1si- 181l 166.64 €65.38 21953.32 233.3¢ 1960.68 sB-126

i slig il iy sl 4

1000 2000
eV
Mkl Lot Mackar 151 G001 kev FWHM, PWTM: 46 208 05 7% ket
Nexa | Right Marker 101 7225 ke Gaussian Ratie: 1.014
—BEEJ Contcost 167 B3 ke "o type:
Aron 15329 t08BS% Iﬂ.—d 16593
Poak Analysis Performed on: 21/0a/2024a 1!:37:01
Peak Analysis From Chnnn.l‘
Peak Analysis To Channel
Tentative NID Librarcy: X3 \GENXtzk\cnnr!hzs\stdlxhz.nxb
a¥k Mateh Tolerance : 1.000
Peak ROIX ROT Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 151~ i81 166.63 €66S.32 15433.54 180.50 1289.46 “eeaa

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

LER3
L)

Errors gquoted at 1.000 sigma

MASEFL IS Loft Markor 151 5031 ket
Nexa | Might Markar: 102 7265 kel
[Prev ] Contiold: 167 6652 heV

l Hocas Bl FE AN

FWHM. FWTM. 47 567 84 756 ket
ﬂ-ndu-ﬁ‘h 0972

not

uuq-w 12149

Peak Analyuit vorto:u.d on: 2170
ak Analy:

M = First peak in a multiplet region
Im = Other peak in & multiple: region
F = Fitted mingle

Errors gquoted at 1.000 sigma

4/2024 13: 56 22

From ch-nn.l:

P ¥k Analy: To Channe
Tentative NID Libras <z \Gl"!t?ﬂ\dlﬂrxhls\ﬂtdlib? nlb
Feak Martch Tolerance : 1.000 ke
Peak ROI ROI Peak Energy Net Feak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
i 151— 182 166.59 €€5.16 10614.75 150.98 1534.28 B
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Fitted single

Errors gquoted at 1.000 sigma
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gl i ol g
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Gaussian Flatio 1038
NOL Yype
Intograt 9347
Paak Maly-io Performed on: 21/04/2024 16: 41 15
Analysis From Channel:
Pe-k Analysis To Channel: 3 2
Tentative NID Library: C:\GENIEZRK\CAMFILES\Stdlib2.nlb
Peak March Tolerance : 1.000 kev
Poak RrROI ROX Peak Energy Net Peak Net Ares Continuum Tentative
No. Startc End Centroid (kaV) Axrea Uncert. Counts Nuclide
1 1s2- 181 166,50 €€4.81 TH86.00 171.87 1361.00 B
M = First peak in a multiplet raqion
Im = Other peak in a multiplet region
F = Fitted singlec
Errors gquoted at 1.000 sigma
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Peak Analysis Performed on: 2170472024 16: l'! 18
Peak Analysis From Channel:
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'r.nutl.v. NID Library: CI\GENIEZR\CAMFILES\Stdlib2 . nlb
ak Match Tolerance : 1.000 kav
Peaalk ROIX ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Aren Uncert. Counts Nuclide
1 153i- is2 166.40 664 2 €195.76 165.16 1250.24 casaa
M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singles
[Errors quoted at 1.000 sigma
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Peak Analysis To Channel: 24
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FPeak Match Tolerance 1.000 keV
Pealk RCI ROX Poak Energy Net Peak Net Area (Continuum Tentative
No. Start End Centroid (kaV) Aroa Uncert. Countes Nuclide
1 183— is2 166.16 663.45 5256.53 164.41 1293.47 sssse
IM = First peak in a multiplet region
m = Other peak in a multipler region
1 -
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No. Start End Centroid (kav) Area Uncert. Counts Nuclide

1 i1s2- 181 1€6.29 €63.97 3421.92 149.00 1190.08 cesee
First peak in a multiplet region

Other ak in a multiplet region

Fictted singlet

EEES
(RN

[Errors quoted at 1.000 sigma
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DETECTOR 1,5"x1,5" - ESPECTROS VARIANDO LA DISTANCIA Na-22

Coun
Datasource 5
s e
| prretcietipioodis Loft Mackew: 295 11687 3 koW FWHM, FWTM.  §4 632 118 139 keV
Fright Madkes: 343 13656 heV/ Gaussian Matia: 1 000
Controld. 320 12745 heV ol Type: |
A VLI
Peak Analysis Performed on: 21/04/2024 17:208:12
Poak Analysis From Channel: 1
Peak Analysis To Channel:
Tentative NID Library: [~ \GENxtzs\CANF!LBO\s:dlsbz nib
Peak Match Tolerance @ 1.000 kev
Peak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Ares Uncerct. Counts Nuclide
1 258~ 343 319.99 1274.47 47537.12 €51.18 15671.88 133
ER-89
M = First peak in a multiplet region
jm = Other peak in a multiple:r region
F = Fitted singlet
Errors gquoted at 1.000 sigma
10" midhl o Ly " |
1000 2000 3000 4000
eV
edaiom Y Lott Markes: 2680 1167 3 heV FWHM. FWism um 117 209 ke
[ Nexa | Fight Markee: 341 13577 ket Gaussian Ratio:
[Prov ] Controd. 320 12727 kv Ol Yype
| Aseas 32429 = 067X Integeal 38353
Peak Analysxc Performed ons: 21/04/2024 18: 11.13
eak Analysis From Channel:
Paak Analysis To Channel: 10:
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Poak ROX ROT Poak Energy Net Peak Net Area Continuum Tentative
No. Starxt End Centroid (keV) Axea Uncert. Counts Nuclide
i 290~ 341 319.55 1272.70 32202.09 417.311 6160.951 R
M = rirst peak in a multiplet region
jm Other peak in a multiplet region
F = Fitved singlet
[Exrrors gquoted ac 1.000 sigma
ot A2 Lt vpan
Datasource 1 |
Pre .
= =05 e o
eV
CMARKER INFO, NE ey FwlM, PWITM. 62 510,11864% kev
1ISA7 ke Gaussian Hate: 1 De3
(Prev ] 12721 hav ROV Type:
z079% Intograt 27164
Peak Analysis Performed on: 21/04/72024 10: 1":15
Poak Analysis From Channel:
Peak Analysis To Channel: 102‘
Tentative NID Librasy: CI\NGENIEZK\CAMFILES\Stdlibl . .nlb
Peak Match Tolerance : 1.000 keV
Peak ROX ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Sgart End Centroid (keV) Axreoa Uncert. Counts Nuclide
1 299~ 340 319.40 1272.12 20245.60 290.67 2918,40 e
M = First peak in a multiplet region
jn = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma




Datssource 100
[T la o znoe s st
RANESER 90, Lot Marker 299 1191 2 ket FWHM. FW M 65 535 121 507 ket
Next | gt Madkos 341 1357 7 heV Gavesian Ratw 1020
m Contiont. 319 12707 ke RO Typo.
Avea 13193 2097% Intogeal 14531

Peak Analysis Performed on: 21/04/2024 186: 2! 03
Peoak Analysis From Channel:
Peak Analysis To Channel:

Tentative NID Library: b= \GEKIR?K\mr:mB\S\:dl;b2.nlh
Peak Match Tolerance : 1.000 kev
Peak ROI ROI Feak Energy Net Peak Net Are. Continuum Tentative

No. Start End Centroid (keV) Area Uncertc. Counte Nuclide
1 299~ 341 319.29 1271.6% 13119.26 211.72 1411.74 cesee
IM = First peak in a multiplet region

jn = Other peak in a multiplet region
¥ = Fitted singlet

Errors quoted ac 1.000 sigma

bl e s t i I
1000 2000 3000
keV
w297 11833 keV  FWHM. FWTM: 59364 121 762 ket |
2 13577 haV Gaussian Ratia: 0967
3D 127 2 ke not Type
N +113% Intograt 10534
Toak Ml!y-:.- Performed oni !!78:7!3!: 10130100
Peak Analysis ¥From Channel: i
Peak Analysis To Channel: 1024
Tentative NID Library: C\GENIEZK\CAMIILES\STtdlib2 . nlb
Peak Match Tolerance 1 1.000 kxeVv
Peak ROIX ROX Pealk Energy k Net Area Continuum Tentative
No. Start End Centroid (kaV) Uncert. Counts Nuclide
1 297~ 341 319.17 1271.21 a716.47 176.59 217.53 sesee

M = Firet peak in a maltiplet region
im = Other peak in multiples region
F o=
[

Fitted singlet

rrors gquoted at 1.000 sigma

e
1000 3000 4000
keV
P 209 0 119 .2 ke PWHM, FWIM. 50966 117 524 Lev
13527 hev s-.u—nu-. 1087
E £ A2V ke ROY T
ERE l".-* 7'15
Peak Analysis Pesrformed on: 2170472024 18: 35 50
Paak Analysis From Channel:
Peak Analysis To Channel:
Tentative NID Library: C!\GZHXEZ‘K\CMS‘XLES\SEG!XI:Z nib
ak Match Tolerance 1 1.000 kev
ak ROI ROI Poak Enorgy Net Poak Net Area Continuum Tentative
No. Start End Centroid (kaVv) Area Uncert. Counts Nuclice

i 299~ 341 319.15 i271.13 €S10.01 169.29 1004.99 e

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlet

LR

[Errors quoted at 1.000 sigma
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Datasource TNy - [ 1 '
Fhvew N et
ol e 050 5050
keV
N INFO S —TTTT—e —
St Laft Markor 290 1182 3kt FWHM, FWTM- 67592 110 792 ket
[ Next | Right Markes 381 1357 7 ke Gaussian Ratia 0964
E’ Canteaid: 179 1270 3 haV not Yype:
Asea B4 +)82% Integeal G004
Peak Analysias Performed on: 21/04/2024 18: 4]:2;
Peak Analysis From Channel:
Peak Analysis To Channel: 03
Tentative NID Library: CI\NGENIEZR\CAMFILES\Stdlib2Z.nlb
Peak Match Tolsrancs @ 1.000 kev
Peak ROI ROI Paak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kov) Area Uncert. Counta Nuclide
1 298~ 341 318,93 1270.25 5367.07 i41.51 636,93 SR-93
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
Preset:
e
1000 2000
eV
11952 kv FWHM, FWTM 60407 174617 eV
13677 bt Gaaxwian fatio, 1047
12711 ke ROI Type:
+185% Intogend 4591

Peak Analysis Performed on: 2.\/04/2024 AB;SS 1e
Peak Analyeie From Channel:

Peak Analysis To Channel: 02
Tentative NID Library: CI\GENIE2K\CAMFILES\S8tdlib2.nlb
Peoak Mactch Tolerance 1.000 kev
Poak ROX ROX Poak Energy Net P Net Area Continuum Tentative
No. Start End Centroid (keV) Arwa Uncert. Counts Nuclide
1 300~ 341 31%.15 1271.13 23794.86 135.8% 696,14 DI

M = First peak in a multiplet region
fm = Other peak in a multiplet region
F = Fitted singlet

Errors guoted at 1.000 sigma

hannel 2 74.5 ke Co H net:
Acquire
A g e
E: On
Cleny |
_”Inlm
Datasource Wf! {1 L (R
R ALULR SLELEL NLIN NS0 UL MR S 0L S0 SURLNLSLIGLA SR S SPLSURUNLALI I L ICURLIBLIE 3R 0L ———
Kev
e
R INFO —
Raehat Loft Markes: 299 1187 3 ke FWHM, FWTM: 65590 124 842 ke
Pight Macker 241 13677 haV Gaussian Ratie: 1030
[ Prev | Controt 313 12700 keV Ot Type
Asea 3334 r190% Intogral 3763

Poak Analysis Performed on: 22/04/2024 10: oo ne
Poeak Analysis From CThannel:

Poak Analysis To Channel: 10 2
Tentative NID Library CI\GENIE2K\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 keVv
Poak ROIX nOX Poak Energy Net P k Not Azxeas Continuum Tentative
No. Start End Centroid tkaV) Are. Uncert. Counts Nuclide
i 298- 341 3i18.9%9 1270.50 3302.01 117.92 460.99 ceene

M = First peak in a multiplet region
m = Other peak in a multiples region
F = Fitted singlet

E

rrors guoted at 1.000 sigma
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| tate | Ghanner 320 ;22745 kv Counts; 175 Ergact. 970,00
Acquire
{RARARRR R R RER R RRR T LT ST g
11902 kv TWHM. FWTM. 53576113971 hev
19937 b/ Gaussian fatio: | 045
1270 2 kv AOL Type: 1
+230% Intmgral: 1199

Peak ROX ROZX
No. Start End

1 300~ 340

M = Pirst peak in
m = Other peak in

[Errors quoted at

Performed on: 22/04/2024 10: 07 17
kX Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Library:
Peak Match Talerance :

Ci\GENIEZR\CAMFILES\Stdlib2.nlb
1.000 kev

Peak Energy Net Peak Net Area Continuum Tentative
Centroid (koV) Areca Uncert. Counte Nuclide
3i8.92 1270.20 2647.19 1i18.99 551.81 SR-93

a multiplet region
a multiplet region

F = Fitted singlet

1.000 sigma

 ROI Index: 10°
=1 =0 100 ‘
iin ] [ o L TETTTT T T Rl et ey
KeV
¢ NFO —— = ==
Rrkeie Lot Marker: 299 1191 2hoV WM, FWIM. 64261 121 272 ke
| Nex | Fligbt Markes ;«; 1;::uv n;.l..'.s—n:-. 1036
T - Cantront AL Lrad i
| Crev] . 2428 s0% 2848

Poak Analysis
Poa
Poa

Tentative NID Library:
Poeak Mactch Tolerance @

Peak ROX ROX
No. Start End

1 299~ 340
First peak in

=
= Other peak in
= Fittad singlet

EEES

[Exrors Qquoted at

Performed on: 22/04/2024 10: l‘ o3

k Analymis From Channel:

k Analysis To Channel: 2

c: \GENXI"K\CAN'XLlﬁ\ﬁ:dlib?.nlh
1.000 keVv

Peak Enexgy Net Peak Net Area Continuum Tentative
Centroid (keV) Area Uncert. Counts Nuclide
318,96 1270.37 2414.29% 108,79 433.71 SR-93

a multipler region
a multiplet region

1.000 sigma
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DETECTOR 1,5"x1,5" -

ESPECTROS VARIANDO LA DISTANCIA

Co-60 (1173,2 keV)

10°

Datasource

1000

- MARKER INFO

Lottt Maskes 273 10601 ke FWHM, FWTM 58707, 99 000 ke
[ Nex | Fhoht Markes 315 - 1254 7 ket Goussian Natio: 0926
[ﬁ’ Controkt 293 V167 6 haV BOI Type )
Ao D414 4 084% Intogeal 125200

Poak Analysmis Performed
Poak Analysis
Peak Analysis

Tentative NID Library:

on: 22/04/2024 10: 20 41

From Channel:

To Channel: 1024
C:\GENIE2K\CAMFILES\Stdlib2 . nlb

Peak March To

Peak ROI ROI
No. Btart End

i 273~ 318
First peak in

i =
m = Other peak in
F = Fitted singlet
L

rrors quoted at

lerance 1 1.000 kev

Paak Energy Net Peak Net Area Continuum Tentative
Centroid (koV) Area Uncert. Counts Nuclide
293,085 11€7.64 09183.55 1047.30 46154.45 cs-134

a multiplet region
a multiplet region

1.000 sigma

Datssource
LITITITY
MaERNro Lol Markor: 273 10881 hoV WM. PWTM. 60070, 101 480 keV
N Fight Mackor 315 17547 ke Gaussian Fatio. 0577
E@ Corteaut 200 1167 8 haV no '”.1 1
| Arca SOI82  +068% Integral: 002

Peaalk An.ly-ta
Poa
Poa

PYeak Match To

Tentative NID Library:

Performed on: 22/04/2024 10: 29 44
% Analysis From Channel:
k Analysis To Channel:
(=53 \Gtﬂ!t?K\CAﬂP!LtB\B!d]xb?.nlb
lerance = i1.000

Peak ROX ROX Peak Enesgy Net Feak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
i 273~ 315 2%3.02 1167.51 54405.38 786.83 26145.62 cs-134
M = First peak in a multiplet region
jm = Other peak in a multiplet region
F = Fitted singlec
Errors gquoted act 1.000 sigma
Adie [ Chunnel: 171 Akev Co.
Acquire
10"
10°
10"
107
10"
10"
1000 2000
Kev

FWHM. PWTM. 58 000 102 475 ke
Gaussian Hatio: 0 956

no Yype 1

Asea 02240 2 084% Integual. 50179

Peak An-ly-i.
Pea
Pea

Feak Match To

Peak ROIX ROI
No. Starct End

1 273~ 314
M = Pirst peak in

m = Other peak in
F = Fitted singlet

[Errors quoted at

Tentative NID Library:

Performed oni 22/04/72024 10!39:39

k Analysis From Channel:
k Analysis To Channel:
C:\GBN!EZK\CHHF!LES\S:GIin nlp

lerance 1.000 kev

Peak Energy Net Peak Net Area Continuum Tentative
Centroid (kaV) Area Uncert. Counts Nuclids
292.95 1167.26 34128.93 E15.64 16050.07 «s-134

a multiplet region
a multiplet region

1.000 sigma
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Datasource
1000 2000
keV
| el Mamher 273 10891 heV WM, FWTM 59181, 101 357 keV
m] Fght Maskas 215 1054 7 ke Gaussian Matia 0979
——— 293 11631 MoV ROl Yype
‘C-—-ll Arma: 19113 21 13% Integrat 71546
Paak Analysis Performed on: 22/04/2024 10!52:33
Peak Analysis From Channel:
Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Cenctroid tkaVv) Area Uncert. Countsa Nuclide

1 273- 315 293.17 1168.14 20700.87 507.72 106845.13 c8-134

M = First peak in a multipler region
Im « Other peak in a multipler regilon
F = Fitted singletc

Errors quoted at 1.000 sigma

10*
10
10"
10
10"

Lottt Marker: 274 10821 kot FWHM, FWTM: 556840101 562 keV
Might Makor 314 12507 haV Gaussion Matio. 0059
Contioid. 298 11696 eV NOL Type 1
Aren 14442 21N Intogeal 21571

Poeak Analysis Performed on: 22/04/2024 12116131
Peak Analysis ¥From Channel:
Peak Analysis To Channel: 2
Tentative NID Library: Cs \quxzzn\cnarxzzs\a:axibz nib

Peak Match Tolerance 3.000 keVv
Peak ROI RO Poak Eneray Net Peak Net Area Continuum Tentative
No. Start End Centroid {kav) Area Uncert. Counts Nuclide

1 274~ 314 293.54% 1169.55 15388.9%4 301.%50 €182.46 B

First pesak in a multiplet region
Other peak in a maltiplet region
Fictved singlec

LEES
N

[Errors quoted at 1.000 sigma

- MARKER INFO

| Loft Markes 272 084 1 ke PWHM, FWTM 62231101 040 ke
“wl Pight Marker. 315 7 e Gaussian Notio: (1 by
@ Controid: 293 1167 4 kaV ROV Type 1
| Ana: 10060 41 57X Integat €37

Peak Analysis Performed on: 22/704/2024 l?lZSxSl
Peak Analysis From Channel:

Poak Analysis To Channel: 1024
Tentative NID Libracy: CI\GENIEZE\CAMIILES\StAlib2 . nlb
k Match Tolerance 3 1.000 kev
2 k ROX ROIX Peak Energy Net FPeak Net Area Continuum Tentative
No. Start End Centroid (kav) hrea Uncert. Counts Nuclide
1 272~ 318 293.00 11€67.44 10832.16 3€63.99 5394.84 cE-134

M = Firet peak in a multiplet region
a mulecipler region

Errors gquoted at 1.000 sigma




il Loft Markear: 274 10921 ko FWHM, FWTM umm 104,744 kev
| Nexa | Right Markas 115 1264 7 et/ Goussion Ratia: 0
_Prev | Contold. 204 110697 ke nol Type 1

Asoa 823 +167% Intageat 12354

Poak Analys Performed oni  22/0472024 u.a«os
Peak Analy. From Channel:
POk ARBlunie 7o Thanmels 1024
Tentative NID Librasx CI\GENIEZR\CAMIILES\StAlib2.nlb

Peak Match Tolerance : 1.000 kev
Peak ROX RO Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keov) Area Uncert. Counts Nuclide
1 274~ 318 293.56 1169.€7 8131.71 313.00 4222.29  .....

First peak in a multiplet region
COther peak in a multiplet region
Fitted minglet

ad
frn.
¥
E

rrors guoted at 1.000 sigma

| Mdte | Channet:

Left Marker: 274 10921 ke PWHM WM BGM BE S0 RV
Fioht Markor: 315 1254 7 heV Goausrian Ratio: O
Conbioid, 294 11699 haV "ot Type 1
Asea 5829 2 203% Intogial. 3341

Peak An.ly-il Performed on: 22/04/2024 12: 42 19
ak Analysis From Chnnnol-

Pc-): Analysis To Channe 02
Tentative NID Library: (=23 \c:uxczu\cmr:uc\n:axshz.n:ua
Veak Match Tolerance : 1.000 keV
Peak ROX ROX Peak Enesgy Net Poak Net Area Continuum Tentative
No. Start End Centroid (keV) Aroa Uncert. Counte Nuclide

1 274— 315 293.61 1169.89 €130.39 272.66 3210.61  .....

First peak in a maltiplet region
Othe:r peak in a multiplet region
Fitted singlec

e

rroxs queted at 1,000 sigma

MARKERLINGD Lott Maker: 279 10881 ke, FWHM, FWTM: 57.845. 97,647 ke
[ Next | Fiaht Markor 315 1254 7 haV/ Ganvazian Rakie: 0526
E‘ Conbioid 299 11880 eV BOY Yypo. 1

Avea B2 s210% l“‘ mua

Poak Analysis Pexformed on: 22/04/2024 12: so 43
Poak Analysis From Channel:

Peak Analysis To Channel: 10.
Tentative NID Library: C: \CSNXEZK\mP!LES\Stdlxbz.an
Peoak Matrch Tolerance : 1.000 xeVv
Poak ROI rox Poak Enesgy Net 9.-!. Net Area Continuum Tentative
No. Start End Centroid (kaVv) Axe. Uncert. Counts Nuclide

1 273— 31S 293.13 1167.%98 S5710.S4 243.01 2447.46 cs-134

First peak in a multiplet region
Other peak a multiplet region
Fitted singlet

mix
e

Errors quoted at 1.000 sigma
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10881 b FWHM FW M IQYN 54922 WV

[ Nexa | 12586 ke Gaussian Hatio:
' 11694 b RO Type 1
[Erev] 129% Inegeal. 6632

Peak Analylxo Performed on: 22/04/2024 12: 59 53
Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Library: C:I\GENIEZR\CAMFILES\8tdlib2.nlb
Peak March Tolerance : 1.000 kev

1 273~ 316 293.49 1169.38 4266.05 247.95 2565.65

M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singlet

Errors gquoted at 1.000 sigms

Peak ROI ROIX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Areoa Uncert. Counts Nuclide

Mle | Channel: 294 : 1171.4 keV c : 275
Aoqutre s -====

= Performed on: 22/04/2024 13: DE 25
ak Analysis From Channel:
wsak Analysis To Channel: 10

Tentative NID Librazry: C: \Gtuxtzx\cmrxx.:s\smnxbz nib
Peak Match Tolerance 1 1.000 kev

1 273- 315 293,17 1166.12 3452.34 227.65 221S5.8686

M = First peak in a4 multiplet region
fmn = Other peak in a multiplet region
¥ = Fitted singlec

Errors quoted ac 1.000 sigma

Peak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncert. Counts Nuclide

cs-134
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DETECTOR 1,5"x1,5" - ESPECTROS VARIANDO LA DISTANCIA

Co-60 (1332,5 keV)

3339 keV ounts 5

Datasource 10°
2000
keV
C LeftMadker 10 12868keY  FWHM. FWIM. 65496 114180 keV
Pight Markor 357 1421 1 heV Gaursion Ratio. 0556
Corteot. 335 1304 3 ke nol type 1
2 0 46% 1
Peoak Analysis Performed on: 22/04/2024 10:24:16
Poak Analysis From Channel: i
Peak Analysis To Channel: 1024
Tentative NID Librasy: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 kev
Feak ROIX ROIX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Araa Uncerc. cCounts Nuclide
| 313~ ELN 33s5.10 1334.35 B2546.3% 712.8% i8215.61 seane
M = First peak in a maltiplet region
im = Other peak in & multiplet region
F = Fitted singlst

[Errors quoted at 1.000 smsigma

Datasource 1"
Ty i L
1% - FEREC Loft Madkor 113 12468 kaV FWHM. PWTM: 64600 113067 heV
Right Marker 357 14231 heV Goussian Matie. 0960
3i;;l Contiold 135 13349 keV not type |
Asea &7763  +04%7% Intogral  SEaS

it
=3
L
[E

Peak Analysis Ferformed on: 22/04/2024 10:32:51
Peak Analysis From Channel: 1

Peak Analysis To Channel: 1024
Tentative NID Libracy: CI\GENIEZE\CAMFILES\Stdlib2 . .nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROX Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Aron Uncert. Countes Nuclide
1 313~ 357 33s5.23 1334.87 49854.75 S19.42 $394.25 . .o

Firet peak in a multiplet region
Other peak in a multiplet region
Fittad singlec

rrors gquoted at 1.000 sigma

SR Laft Mader: 314 12507 keV/ FWHM, PWTM. 63657 114 262 kev/
_Nexa | Right Markes 356 14171 ket Gaussian Ratie: 0905
e Controid. 338 . 1396.2 ke not Type. 1
A 0939 2 067% Intogeal %215

M
.
F
&

Peak Analysis Performed on: 22/04/2024 10:43:40
Peak Analysis From Channel: 1

Peak Analysis To Channel: 1024
Tentative NID Library: C: \GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 keVv
Peak ROI ROI Peoak Energy Net Peak Net Area Continuum Tentative
No., Start End Centroid (kaV) Area Uncerc. Counts Nuclide
i 314~ 356 33s5.31 1335.18 31660.64 365.99 4558.36 BT

= First peak in a multipletr region
= Other peak in a multiplet region
= Fitted singlet

rrors guoted at 1.000 sigma
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Peak Analysis Performed on: 2270472024 10:55151
Peak Analyeis From Chnnn-l:
Peak Analysis To C

Tentative NID Library:

02
CX\rEHIEZK\CAMFXLEB\Stdllb:.nlb

Peak
No.

nox nrox
Start End
i 314- 3857
= First peak in
= Other peak in

Peak Match Tolerance

3 1.000 ke
Peak Energy Net Peak Net Area Continuum Tentative
Centroid (kav) Area Uncert. Counts Nuclide
335.35 1335.32 20180.53 283.S54 2€647.47 ceees

a multiplet region
a multiplet region

&
c = Fitted singlet
[E

rrors gquoted at

1.000 smigma

Lot Markor 314
Right Marker: 357

A”&Iﬂ"

1207
14210 eV
12360 ke

21.06%

Poak Analysis Performed
Peak Analysis
Peak Analysis

Tentative NID Library:

Peak Match Tolerance

Peaak RO ROX Peak
No. Start End Centroid
1 314- 387 33s5.51 1

First peak in
other peak in
Fitted singlet

™ a multiplet
n a multiplet
¥
E

rrors @uoted at 1.000 sigma

ont 2270472024 12:19:33
From Channel: A
Te Channel: 1024
Ci\GENIE2ZR\CAMFILES\Stdlib2.nlb
1.000 kev

Enecqgy Net Poak Net Arsaa Continuum Tentative
tkeov) Uncert. Counts Nuclide
335.97 137S8.36 241.47 1954 .64 e

region

region

slasource

Wé?' [N |

MARKER INFO

Peak Analysis
Poak Analysis
Tentative NID Library:

[Errors quoted at

Lett Maker: 315 1294 7 eV FWHM, WM. 56679 112005 keV
E&E’ Rioht Markoe: 357 14211 ko Guaussion Ratia: 1.047
Canboid. 336 13362 hov nOI Type: 1
Arma: 3345 2118% Integeat 11617
Peak Analysis Performed on: 22/04/2024 12: ze-:x

From Channel:
To Channel: 10 2
CI\GENIEZK\CAMFILES\8tdlib2.nlb

FPeak Match Tolerance : 1.000 keVv
Poak noOI nrOX Poak Energy Net Peoak Net Areas Continuum Tentative
No. Start Fnd Centroid (keV) Area Uncert. Counts Nuclide
3 318- 357 335.56 1336.16 10112.09% 208.79 1504.91 seene
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

1.000 sigma
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v - : 6. 00
st | el Hieh st
[Hea] LS L ULIL UL AL BLIL L SL LA NLLIR NLIGLILBLIL LA LIS SLIOLACAR NI a8 ML ALABL UL LR JSLAL LI NL I ML
HUINFO
MARINE Lot Mackay 316 | 12965 ke FWHML WM 55 360,112 539 hoV
Fight Macker 256 0 14132 keV Gaussian Hato: 1080
[Prev ] Controid. 336 13376 heV AOI Type. 1
| Araa. 70V 2 Nx trtograt 0304
Veak Analysis Performed on: 22/04/2024 12:37:03
Peak Analysis From Channel: 1
Peak Analysis To Channel: 024
Tentative NID Library: C:\GENIEZR\CAMFILES\Stcdlib2.nlb
Peak Match Tolerance 1.000 keVv
Peak nROI nox Peak Energy Net Peak Net Ares Continuum Tentative
No., Start End Centroid (kaV) Area Unoert. Countes Nuclide
1 316 355 33s.92 1337.58 7984.64 i70.18 206,36 - .
et = First péak in a multiplet region
tn = Other peak in a multiplet region
F = Fitted singlec
Errors quoted at 1.000 sigma
[ ddie | Channel: 335 - 1333.9 2 0
Acquire
ot Stup 10
10*
10"
 AOI Index: 10 f
=1 < \
1 {
oo | 1ot TR SO M e, 1y
P ERed) -
[raanEEriNee Lot bk 1312856y
[hes] it Mark o
EEEE] Centiont 156 l:hﬁ&N
| Aren 5561 w1 72%
Poak Analysis Performed on: 22/04/2024 12: QS a0
Paak Analysis From Channel:
Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIEZR\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 kev
Peak ROI ROI Teak Energy Net Peak Net Area Continuum Tentative
No., Start End Centroid (kev) Aresa Uncerc. Counts Nuclide
1 313~ 358 335.52 1335.98 6041.26 171.6S $81.74 assee
M = First peak in a multiplet region
. = Other peak in muleiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma

33.9 s 2 00

RO Index:

Datasource
[hez]
MARKER INFO
[rev ]

Paak An.ly.t- Performed on: 22/04/2024 12: 53 s1
k Analysis From Channels:

D ak Analysis To Channel: 10 2
Tentative NID Library: CI\GENIEZE\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.00G0 keVv
Poak nox nox Poak Energy Net Peak Noet Area Continuum Tentative
No. Start End Centroid (kaoV) Area Uncert. Counts Nuclide
ES 314- 357 335.65 1336.52 46S50.01 170.70 1069.9% . -

M = First peak in a multiplet region
n = Other peak in a multiplet region
F = Fitted singlet

=

rrors guoted at 1.000 sigma




Arwm THE 21 Wx Intograt 4650

Peak An.ly-i- Performed on: 22/04/2024 13: 02 52
X Analysis From Ch.nn 1:

Poak Analy=i= To Channe 2
Tentative NID Librazy: <z \GEN!CZK\CA”'ZL‘R\.&GL$b3 nlo
Paak Martch Tolerance : 1.000 keVv
Peoak ROX ROX Poalk Energy Net FPeak Net Arxrea Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
1 316— 358 335.73 1336.85 4052.73 i48.81 797.27 cesaa

M = First peak in a mulrtiplet region
Im = Other peak in a multiplet region
F = Fitted singlet

Errors gquoted at 1.000 sigma

Laft Marker 315 1264 7 kv FWHM, FW
Flight Markor: 955 14132 ke Goussian Ratio
Contront: 336 1336.0 ke nol Type 1

Intogral 353

wwnumznuw -

on: 22/0a/2024 13!10:56
From Channel:

Poak Analysias To Channel: 10"!
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 keVv
Pesak ROTI ROX Peoak Energy Net Peoak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Councs Nuclide
1 315~ 35S 335.52 133€.02 323s5.38 136.¢€4 7i7.62 e

“ PFirst peak in a multiplet region
= Other peak in a multiplet region
- Fictted singlet

w3

Errors gquoted at  1.000 sigma
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DETECTOR 2"x2" - ESPECTROS VARIANDO LA DISTANCIA Am-241

1000 H
KoV
Loft Marker 18 531 ke W,Mux 11 628, 16011 heV
Might Marker 23 691 ke Gaussian Matio: 0 799
Contiasd 20 603 bV ROL Type 1
Aroa: IDEAB44 2 007% Intogeal 4167208
Poak Analysia Porformed on: 2€/04/2024 )2!41159
Peak Analysis From Channel:
Peak Analysis To Channel: 1 2
Tentative NID Library: CI\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Matoh Tolerance : 1.000 kev
Paak ROT ROI Poak Enezgy Net Peak Net Aroa Continuum Tentative
No. Start End Centroid tkov) Uncert. Counts Nuclide
1 18- 23 20.23 60.25 2659€32. 2997.68 1S2165S. AM-241
M = First peak in a multiplet region
m = Other pwak in a multiplet region
F = Fittod singlet
Errors qguoted at 1.000 sigma
Datasource YRS EV-P0 1
[rewr) 1000 :
keV
[MAIERRT Lot Maiker: 16 B3RV e oz |
Fight Marker 23 631 eV Gaussian Hatio: 0757
Contioit. 20 606 keV O Typo: 1
Arna: XNEN2DE 007N Integial 3306157
Peak Analysis Performed on: 26/04/2024 l‘:lz 27
Peak Analysis From Channel:
Poak Analysie To Channel: 10 24
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1.000 keVv
Feak ROI RO veak Enerqgy Net Paak Net Area Continuum Tentative
No. Start End <Centroid (koV) Area Uncert. Counts Nuclide
1 18- 23 20,33 60.60 2407280. Z4971.108 Bs8911.1 DI
M = Firstc peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlec
Errors qgquoted at 1.000 sigma
idle | Chaanel: 20 : 595 keV Counta: 582632 Freaset: .00
10"
10t
10"
10*
10*
10'
B
KeV
Loft Marker: 18 511 keV FWHM_ FWIM. 121
Pight Marker. 23 691 ke Gaussian Ratio. 0723
Contiast 20 60 % eV BOI Type
Area: 1974294 2 008% Intogeal 2332447
Poak Analysis Performed on: 2€6/04/2024 1(:23 S8
» X Analysis From Channel:
Peak Analysis To Channel: 10 2
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 keVv
Paak ROT ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keVv) Areca Uncert. Counts Nuclide
i 18- 23 20.30 60.40 1725960, 2047.40 6064D6 .4 AM-241
M = First ak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at  1.000 sigma
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ROI Index:

Datasource
Teeo] [(Wess |
MARIKER D Loft Marker: 18 531 ket FWHM, FWIM. 12105 16011 ke
Miaht Markar: 23 691 keV Gaussinn Ratio:
[Brev] Contiout: 20 603 heV ROI Type: 1|

Peakx Analysis Performed
Poak Analysis
Poak Analys

Tentative NID Library

Peak Match Tolerance

on: 2€/04/2024 14:34:05
From Channel: 1
To Channel 024
(=4 \clnu:zx\cmrxx.zs\s:cuibz .nlb
1.000 kev

Peak ROI ROI Poak Enecgy Net Peak Net Area Continuum Tentative

No, Start End Centroid (kaVv) rea Uncert. Counts Nuclide

1 18- 23 20.26 €0.35 1307737. 16%€.11 389812.5 AM-241
M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlec
Errors gquoted at 1.000 sigma

Counts:
LN
1000
L

Lot Macker 18~ 531 keV FWHM. FW T

1191016011 ke
Right Marker 23 691 k¥ nmn-ﬁ- 0737
Contiowd: 20 - 603 keV nal Type: 1

Avea 1105331 2010% Imgral 1237680

Peoak Analysis Performed
Peak Analysis
Peak Analysis

TeNtative NID Library:

on: 26/04/72024 22: 50 45

From Channel:

To Channel:
C.\GE"IEZK\CAM'ILI‘\‘:GIibz nlo

Peak Match Tolerance : 1.000 kev

Peak ROI ROI Pealk Enorgy Not Poak Net Area Continuum Tontative
No. Start End Centroid (keVv) Area Uncert. Counts Nuclide
1 ie- 23 20.23 €0.26 988176.3 1407.84 249703.6 AM-241

M = First peak in a multiplet region

m « Other peak in a multiplet region

F = Fitred singlet

Exrrors gquoted at 1.000 sigma

Avoa 854111

602 heVv
2012%

s Performed

on:

28/04/2024 20: 21 24

Peak Analys
»

ak Analysis
Peak Analysis

Tentative NID Library:
Peak Match Tolerance

¥From Channel:

To Channel: 10

C: \G:nxzzx\cnnsxzss\stdlibz nlb
1.000 kevV

Peak ROX ROX Peak Energy Net Peak Net Areasa Continuwn Tentative
No. Start End Centroid (koV) Aroa Uncert. Counts Nuclido
i 16— 23 20.21 €0.19 762410.3 1224.33 106157.6 AM-241
M = First peak in a multiplet region
Im = Other peak in & multiplet region
¥ = Ficted singlec
Errors quoted at 1.000 wmigma




[ NABKEEVINFO. Loft Mackoe 10 S31 kev FWHM, PWTM: 11880 16010 ke
Tioht Morkor: 23 B31heV Gaussian Ratio: 0733
[Prev] Contoid 20 602 k¥ AOL Type |

Acca £CDS04 1013% Inegrat 725075

Peak Analysis Performed ont 28/04/2024 20:28!31
Peak Analysis From Channel:

Poak Analysis To Channel: 2
Tentative NID Library: c: \GINXEZK\CAH'ILI'\StdlLbz nio
Pmak Match Tolerance 3 1.000 kev
Poak ROI ROI Paalk Energy Net Poak Net Area Continuum Tentative
No. Start End Centroid (kev) Area Uncert. Counts Nuclide
X 18~ 23 20.19 €0.15 §91391.3 1064.63 137€683.6 AM-241

M = First peak in a multiplet region
m « Other peak in a multiplet region
F = Fitted gsinglet

Exrors gquored at 1.000 sigma

MARKERLINGD Loft Mackor: 18 531 keV PWHM. WM. 1162216011 keV
[ Next | Fight Markee. 23 €91 ke Gaoussian Ratio: 0.743
[vev] Contioid 20 601 hev NOL Type )

[ Awo B27ATS  20.18% Intogiat. 570307

Poak Analysis Performed on: 28/04/2024 20: 37 o3
Peak Analysis From Channel:

Peak Analyeis To Channel: 10 z
Tentative NID Library: CI\GENIEZR\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 kev
Peoak ROT ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Axea Uncert. Counts Nuclide
i i8- 23 20.18 €0.112 473742.7 541.00 10s5064.2 AM-241

M = Firet peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

| tdte | _Channet: a
Acquire
18 10
10
100
ROI Index: A0
=1 0 2 m
__Dataseurce
Tiav] [(Be=]) o 1000 KoV
e
:PALKER PO Loft Markes: 18 537 ke FWHM, FWTM 11 596, 12808 heV
Pight Maskes 22 659 keV Gavesian Matio: 0606
[Prev | Controid 20 596 eV HOU Fypo: |
Aroa 1926 £017% Intoarel. 446502
Feak Analysis Performed on: 28/04/2024 20:45:22
Peak Analysis From Channel:
Peak Analysis To Channel: 10 2
Tentative NID Librarcy: C:\GENIEZE\CAMFILES\Stdlibl.nlib
Peak Match Tolerance : 1.000 keV
Peak ROI ROI Peak Energy Net Feak Net Area Continuum Tentative
No. Start End Centroid tkav) Area Uncert. Counte Nuclide
1 18~ 22 20.02 59.58 324138.9 a74.22 i22363.90 AM-Z241
TH-232

Firast peak in a multiplet region
Qther peak in a multiplet region
Fitted singlet

™M
m
3
£

rrors quoted at 1.000 sigma
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120 695 keV 2365 Preget 0/0.00
e
10"
10
10
1w
10’
atasource w %\}H‘#
vwv| | BT | o i R S e S S L e o e e R i e i s
MARKER INFO. Lot Markor 18 531 kev FWHM. WM 11636 12 608 kaV/
|_Next Fioht Marker. 22 659 ke Gaussian Ratio. 0804
E Contioid: 20 SU6 ko not Yyppe: 1
Arva: 329775 +018% Intogeal: 168453
% Ann!y T Porformed on: 28/04/2024 21: !!;l!
Peak Analysis From Channel:
Poak Analysis To Channeol: 1024
Tentative NID Library: CI\NGENIEZE\CAMPILES\Stdlib2 . . nib
Peak Match Tolerance : 1.000 xev
Poealk ROXI ROI Peak Enorgy Net DPeak Mot Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. cCounts Nuclide
1 18- 22 20.01 59.55 269156.0 790.71 99333.00 AM-241
TH-232
M = Firat peak in a multiplet region
im = Other peak in a multiplet region
¥ = Fitted singlet
Errors guoted at 1.000 sigma
idie _|_Channet:
ROI Index:
Datasource L
Trew ) e o 1000 oy
- iy Ll Maskme 16 531 ke FWHM, PWTM. 1) 55412808 keV
ml ot Maskor: 22 659 heV Gausston Hato: 0606
[Bvev | Contioid, 20 595 keV A0l Type: 1
L R Bl SN, 2L ccd }
Peak Analysis Performed on: 28/04/2024 21:10:23
Peak Analy. From Channel:
Peak Analy To Thannel: 021
Tentative NID Librar CI\GENIE2K\CAMFILES\S8tdlib2.nlb
Peak Match Tolerance : 1.000 kev
Paak RO ROX Paak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Area Uncert., Counts Ruclide
i 18- 22 20.00 59%.53 224033.5 724.28 6839368.408 AM-241
TH-232

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

E

rrors gquoted ac 1.000 migma
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DETECTOR 2"x2"

- ESPECTROS VARIANDO LA DISTANCIA Ba-133

! 4k
1000
K\
Lottt Markas 100 WO keV FWHM, FWIM: 4975 62 825 keV
Fight Markes 124 IS haV Gauszian Ratie 1 003

Contiod. 113 3600 heV lﬂl"-' 1
Acoa

I 20X

Poak ROI ROT
No. Start End

E S 100~ 124
First peak in

Other peak in
Fitted single

™
a
¥
=

rrors quoted at

Feak Analysis Performed on: 29/04/2024 12:03:10
Peak Analysis From Channel:
Peak Analysis To Channel:
Tentative NID Librarcy:
Peak Match Tolerance :

<z \GEN!EZK\C&MPILEB\StdLLbZ nlb
1.000 xeV

Poalk Enerqgy Net P..k Net Aroa Continuum Tentative
Centroid (keV) Ax Uncert. Counts Nuclide
112.84 359.97 284270.1 283S5.85 575870%.8 caesa

a multiplet region
a maltiplet region
©

1.000 sigma

5 Counts: 3515,

| tdie | Channet: 113 -
Acquire

ALl

1000
kev
Lot Madkos: 103 RTS8V FWHM, FWTM 33001, 59 375 ke
Pight Marker 122 3900 kel Gaussion Natio: 0987
Contioid; 113 3583 heV RO Type
Area: 242305  +034% Intogral 510401

Poak Analysis Performed
Peak Analysis
Foak Analysis

Tentative NID Library:

Peak Mateh Tolerance 3

Poak ROI ROI Poak
No. Start End Centroid

3 103~ 122 112.53

MEX

Fitted singlet

on: 29/04/2024 11: Sl 52

From Channel:

To Channel: 10 4

C:\GENIE2R\CAMFILES\Stdlibl.nlb
1.000 xaVv

Enerqy Net Poak Net Area Continuum Tentative
(kav) Area Uncert. Counts Nuclide

358.95 225298.2 1042.13 285162.7 ceeas

= First peak in & multiplet region
= Other peak in a multiplet region

Errors quoted ac 1.000 sigma

Fright Marker nn
Controld 111

Aroa: 162401 2 000X

LR YT
1000 i
-V
Lot Marker 103 327 6 bV PWHM, WM. 31,073, 49 712 ket
3601 ke Gaussian Hate: 0878

2551 heV ROl Type 1

Peak Analysis
NTative NID Library:

3 103~ 119 111.35

F = Fittod singlet

ont 2%/04/2024 12:15:40
From Channel: 1

To Channel:

(=3 \Gl"!R2K\CAM?xLIS\Itdlsz nib

Peak Match Tolerance : 1.000
Peak ROI ROT Peak Enecgy Net Peak Net Area Continuum Tentative
No. Start End Centrxoid (keV) Azeoa Uncert. Counts Nuclide

355.10 154952.1 1269.€1 152879.0 ZR-97
BA-133
KR-89

M = First peak in a multiplet region
Im = Other peak in a multiplsat region

Errors quoted at 1.000 sigma
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357.2 keV Countn: 18309 Proset: .00
104
10
10
AL
10 .
100 L sldlind
L] 1000
v
Lot Markor 104 3N hev FWHM. FWTM. ) 086 49037 keV
Fight Marker 119 3801 kaV Gaussian Ratie 0865
Contiolt: 112 IS T eV not type
Aroa. 125340 = 040% Integal 206470
FPeak Analysis FPerformed on: 26/04/2024 14'26 16
Poak Analysis From Channel:
P k Analysis To Channel: 10 2
Tentative NID Librarxy: CI\GENIEZE\CAMFILES\8tdlib2.nlb
Peak Match Tolerance 1 1.000 keV
Peak ROI ROI Peak Enerqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Are Uncert. Councs Nuclide
3 104~ 119 111.53 355.€5% 115176.5% 970.04 $1301.03 3IrR-97
BA-133
KR-89
M = First peak in a multiplet region
Im = Other peak in A multiplet region
F = Fitted singlet
Errors gquoted at 1.000 migma

H 2 ke C 5: 13,

noi lndn_c_

M = First peak in a mulctiplet region
im = Other peak in a multiplet region
F = Fitted singlstc

Errors quoted at 1.000 sigma

Datasaurce
T l Nexs l eV
MARKERINFO
Toak An-:y-!. Po:!o:ﬂ.a onz: !;75:7!334 i14: 39:14
Poak Analysis From Channel:
Peak Analysis To Channel:
Tentative NID Librar <z \GlNIlRK\CmILl}B\GEGleZ nib
Peak Match Tolerance : 1.000 keoV
Peak ROI ROI Peak Enecrqgy Net FPeak Net Area Continuum Tentative
No. Start End Centroid (kov) Area Uncert. CTounts Nuclide
1 104~ iis 1313.51 355.61 88347.49 815.86 63710.51 ZR-97
BA-133
KR-89

M = First peak in a multiplet region
m = Other peak in a multiplet region
¥F = Fitted singlet

[Errors quoted at 1.000 sigma

oV
Loft Markar: 104 3317 bV FWHM. FWEM 51195, 40 046 kav
Flight Madker 119 3801 ket Gaussion Ratia 0659
Contioud; 112~ 3558 kaV ROt Yype: 1
Asea 70030 =049% Integeal 116130
Poak Analysis Performeod on: 29/04/2024 14: 47 27
Peak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peoak ROI ROX Poak Energy Net Peoak Net Arwa Continuum Tentative
No. Start End Centroid (kav) Uncert. Counts Nuclide
1 104~ iis 111.52 355.64 69718.06 699.82 46419.94 ZR-97
BA~133
KR~-89
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120

FWHM, PWTM 50 304 45 7064 ke

Rt
[Brev ] Intooiat. 88731

Peak Analysis Performed
Peak Analysis
Peak Analysis

Tentative NID Library:

FPoak Match Tolerance :

on: 29/04/2024 14: 57 Sa

From Channel:

To Channsl: 10 2

CTiI\GENIEZK\CAMFILES\Stdlib2.nlb
1.000 keVv

Paak ROI ROX Peak Energy Neu eak Net Area Continuum Tentative
No. Start End Centroid (koV) A Uncert. Counta Nuclide
3 104- iime i1i1.20 3S4.59 53066.87 S9%8.25 35664.13 ZR-97

M = First peak in
Im = Other peak in
¥ = Fitted singlet

a multiplet region
a multiplet region

Errors guoted at 1.000 sigma

2 HOI Indg:g
Datasource A
[y  [Re=T) -
iy Lott Markos 104 A1 hw PWHM, FWTM: 29 700 45 764 ke
Fight Moo 110 3769 ket Gaussian Hotio: 0.945
Contioid 111 354 6 haV AOL Yype |
Aroo: 46102 2 062% Integeat: 70512

Poak Analysis Performed on: 30/04/2024 12: os s54
Feak Analysis From Channel:
Peak Analysis To Channel: 10
Tentative NID Library: Cx\GEH!E2K\CAH!IL!.\Btd1;b2.nlb

Poak Match Tolerance @ 1.000 ke
Peak ROI ROI Paak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
3 104~ 118 111.20 354.61 41588.83 537.46 28923.17 ER~-57

= Firet peak in
Other peak in

Fitted singlet

a multiplet reglon
a multiplet region

rroxrs gueoted At 1.000 sigma

ROV ln«x: 10!
: 100 ikl b
,,_,, o 1000
uv] Nn | oV
RINFO
h Loft Marker. 105 | 3344 heV FWHM, FWTM. 30 228, 42 500 keV
Ecn 1 Fliaht Marker 118 3765 ket Gaussian Ratio: 0771
E w 1na 56 2 ke MOl Type 1
5664 +£070% Integral. 54625
Peak Analysis Performed on: 30/08/2025 12315349

Peak Analysis
Poak Analysis
Tentative NID Libra
Peak Match Tolerance :

Pk ROX ROX Peak
No. Btart End Centroid
i 105— 118 111.69

From Channel:

To Channel: 024

CINGENIE2K\CAMFILES\Stdlib2.nlb
1.000 kev

Energy Net Peak Net Aresa <Continuum Tentative
(kav) Area Uncert. Counts Nuclide
356.20 30973.24 470.78 23651.76 KR-89
BA-133
ZR-97

rirst peak in a multiplet region
Other peak in a multiplet region
Fittaed singlet

M
m
' g
£

rrors gquoted at 1.000 sigma
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a¥% Analysis From Channel:
Ptnk Analysis To Channel:

i02
Tentative NID Library: Cs \uuz:zn\cwms\s:dl:u:z.nx.b
Poak Mactch Tolerance 1.000 kev

M = First peak in a multiplet region
m = Other peak in a multiplet region
P = Fitted singlet

Krrors quoted at

1.000 sigma

112 : 367.2 keV Counts: 46532 Preset 070,00
104 {
100
107
100
10" [ iy
o 1000
o\
Loft Markor 109 3344 kev FWHM, PW T aus.&soam
Hight Marker 118 3769 keV Gaussian Hatia 0
Controid 112 3561 keV/ NOI Type: 1
Atoa 29053 £077% Iotngral 45064
Poak An.xy-!- Poerformed on: 3070472024 a2: 22 58

Poak ROI ROI Poak Energy Net Peoak Net Arxe Continuum Tentative
No. Start End Centroid (keV) Ax Uncert. Counts Nuclide
1 105~ 118 111.67 356.14 25966.80 431.77 19887.20 KR89

BA-133
ZR-97

1000

Ay

Ed

I.-ﬂ-.‘- 108 I34.4 waV FWHM. PWIM 30021, 42 500 ke
76,9 keV Gaussion Natio. 0777
561 ke ROl Yype: 1
+003% Intogsat 9342

on: 30/04a/2024 22:30 a3

From Channel:

To Channel: 102

C: \GENIE2K\CAMFILES\Stdlib2.nlb

Tentative NID Library:

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = rFitted singlet

JErrors gquoted at 1.000 sigma

Continuum Tentative

Peak Match Tolerance 1.000 kev
Peak ROI ROI Paak Energy Net Peak Net Area
No. Start End Centroid (kev) Area Uncert, Counts
i 105~ 119 111.64 356.06 22024.31 401.78 17317.69 KR

Nuclide




DETECTOR 2"x2" - ESPECTROS VARIANDO LA DISTANCIA Cs-137

1000 i
oV
Lot Markor: 186 601 2 e FWHM, WM 48 33085 627 heV
Flight Markor 223 7246 %eV Gaussian fatio | 008
Centioid: 203 B580%eV NOt Type:
Aroa 164820 +026% Intmgeat 174909
Peak Analysis Performed on: 30/04/2024 22: 17114
Peak Analysis From Channel:
Feak Analysis To Channel: 102
Tentative NID Library: CI\GENIEZR\CAMFILES\StdlibZ.nlb
Peak Match Teolerance : 1.000 kev
Peak ROI ROI Peoak Energy Net Peak Net Area <Tontinuum Tentative
No., Start End Centroid (keV) Area Uncerc. Counts Nuclide
1 i86~ 223 203.08 656.03 163811.7 610.50 11097.29 NB-97
AG-11i0M
RB-89
M = First p k in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 1.000 sigma

oy IS\,

1000
[Erev] LHea] -
PMARKER IO Lol Marker, 165 53700V FWHM, FWTM. 48576 03631 heV
[ Next | Fright Markae 222 721 3kal Gaussion Hatio: 1012
E ;] Cemront 203 - 6577 heV ROl Type: )
Arna 109486 2 002% Intogeal 115474
Peak Analysis FPerformed on: 01/05/2024 12: 36 22
Poak = From Channel:
Peak Analysis To Channel: 102‘
Tentative NID Library: CI\GENIE2K\CAMPILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Poak ROI ROIX Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Area Uncert. Counts Nuclide
i 185- 222 202.986 €57.66 108476.4 494.15 6937.52 RB-89
AG—11i0M
NB-97
AB~-T6
IM = First psak in a4 multiplet region
jm = Othex ¥ in a multiplet region
¥ = Fitted single

ROl Index: A
= *

D.l-.ol)f“ 10

Py Tha L R
INFO
Lot Matkor 109 A7 0 ke PWHM, FWTM 40507 08 904 ke
I Faght Markor 223 T4 6 heV Gavesian Ratia: O
E l Contiowd. 203 £90 9 ke Ot Type 1

Aren E5412 00X

Poak Analysis Performed on: 01/08/2024 xz:cs:so
Poaak Analysis From Channel:

M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Pitted singlet

E

rrora quoted at 1.000 sigma

Peak Analysis To Channel: 10
Tentative NID Library: C:\GENZEZK\CM!’!LIS\Stdlin nlkb
Peak Match Tolerance : 1.000 keVv
Poak ROIX ROI Poak Enercrgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Aroa Uncert. Counts Nuclide
E S 185~ 223 203.33 €58.88 €5812.76 386.33 4177.24 NB-97
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~Soun: 3131 fizsct omoo

[E) (He) A

iy Laft Maskas 106 601.2 eV FWHM, FWTM 47160, 06 797 keV
[_Nexa | Fight Madkor: 222 721 3 heV Goussian Ratio: 1,010
[Prev] Contioid. 202 6561 haV/ ROI Type: 1

Areo: 46376 +0%0% asamr

Peak Analysis Performed on: 02/05/2024 20:‘6 20
Peak Analysis From Channel:

Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1.000 kev
Poak ROI ROX Peak Energy Net Peak Net Areca Continuum Tentative
No. Start End Centroid (kaV) Area Uncerc. Counts Nuclide
i 186~ 222 202.49 656.09 46265.63 323.29 3167.37 AS~-76

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors guoted at 1.000 sigma

Loft Markes 1595 %97 8 haV FWHM. FWTM: 47 305 87 476 ke
Pight Macker 221 7170 ket Gaussian fatio: 1014
Centroid 202 B55.6 ke A0 Type: 1
Arma 32470 1 06ON Intogial 34561

Peak M-ly-il Parformed on: Q2/05/2024 20: 53 51
k Analysis From Channel:
Peak Analysis To Channel:

Tentative NID Library: C:\GENIEZE\CAMFILES\Stdlib2.nlb

Poak Match Tolerance : 1.000 kev
Peak ROIX ROX Peak Energy Net Peak Net Ares Continuum Tentative
No. Start End Centroid (koV) Area Uncert. Counts Nuclide
i 108—- 221 202.35 655.61 32193.67 291.%€ 2787.13 eees

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlet

® M3

rrors gquoted at 1.000 sigma

Lot Markes 151 B0 ket FWHM. FWTM 47 567 84 556 ke
ight Maskar 102 75 haV Gaussian flatio 0972
Controid. 167 6652 heV RO Typo
Aron 10693 2 08% Integeal 12149

Peak Analysis Performed on: 21/04/72024 13: 56 22
Poak Analysis From Channel:

Feak Analysis To Channel: 10 Z
Tentative NID Librarsy: C\GENIEZK\CAMPILES\Stdlib2.nlb
k March Tolerance : 1.000 xev
Peak ROI ROI Peak Energy Net Feak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
i 151 182 166.59 €65.16 10614.75 190.98 1534.25 e

M = First peak in a multiplet region
Im = Other peak in & multiple:t region
F = Fitted minglet

E

rrors guoted at 1.000 sigma
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vunts: 1185 Preset 0/0.00

M:F:KGRINFO Lol Markos 184 B945 ke FWHM, FWTM 49133 87 852 heV
| Nesa | Right Marker: 222 @ 723 3 keV Gaussion fatio: 0981
Prev | Contioid. 202 G550 heV RO Typo 1

Asea V0NN 208X Intogeal 1

Peak Analysis Performed on: 02/05/2024 21: 11 22
Peoa 5% s From Channel:

Peak Analysis To Channel: 10
Tentative NID Library: C: \Gl‘NIzZK\Cm‘rthS\Btdl;bz nib
Poakx Match Tolerance : 1.000 kev
Peak ROX ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Azea Uncert. Counts Nuclide
i 104 222 202.186 €54.98 17841.0% 241.72 2043.91 . .

M = First peak in a multiplet region
Im = Other poeak in a multiplet region
F = Fitted singlet

Errors gquoted at 1.000 sigma

RO E: "
= &0 m-”l n

_ Dataseurce _--_-____--______‘-____________-___-____-Nk_“ﬁ_____-+*
[Fe] [Res])

MARKER INFO

— Left Markar. 165 557.8 ke FWHM, PWTM. 47 755 89 953 ket
ml Fight Marker 220 7213 kaV Gaussian Hata: 1 023
E"] Coanteoid. 202 6556 hoV RO Type: 1
Ao 14178 2 094% Integral: 15704

Peak Analysis Performed on: Na/05/2624 21: 19 22
Poak Analysis From Channel:
Peak Analy=sis To Channel:
Tentative NID Library: c: \OE“IEZK\CAHPKLZS\BCdILhZ nlb

Peak Match Tolerance 1.000 kev
Peak ROI ROI Peak Energy Net Peak Netr Area Continuum Tentative
No. Start End Centroid tkev) Area Uncert. Counts Nuclide
i 185~ 222 202.36 655.64 13963.66 222.54 1820.34 e

First peak in a multiplet region
Other peak in a multipler region
Fitted singlet

™M
&3
¥
L

rrors guoted at 1.000 sigma

Peak Analysis Performed on: 02/05/2024 21: 26 i8
Peak Analysis From Channel:

Peak Analysis To Channel: ;02
Tentative NID Library: C:\GENIE2ZK\CAMFILES\Stdlib2.nlb
Peaak Match Tolerance @ 1.000 kev
Poak ROX ROX Peak Enecgy Net Peak Neat Aresa Continuum Tentative
No. Start End Centroid (koV) Aroca Uncert. Counts Nuclide
1 i86~ 222 202.45 €55.93 11193.62 209.77 1784.398 . .

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

E

rrors guoted at 1.000 sigma
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v Counts: 665 Preset /.00

10!

100

Poak Analysis Performed on: 02/08/2024 21:33:31
Peak Analysis From Channel: 1

Poak Analysis To Channel: 1024
Tentative NID Library: C\GENIEZK\CAMFILES\Stdlib2 . .nlb
Peak Match Tolerance : 1.000 xev
Poak ROI ROX Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclicde
i i85~ 222 202.34 €55.58 9277.%94 200.57 1617.06  .....

M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet

Errors gquoted at 1.000 smigma

6 L 3
10"
10
1
a uhhh.u

Lolt Mmkoo 186 BOY 2 eV FWHM. FWTM 4% 792 04 859 eV
Might Maskeor 222 7213 haV Gaussian Ratia 1017
Contiont 202

B0 1 e nOt Type 1
Avoas 7ESE = 136N Intogeal. 9508

Peak Analysis Performed ons: 0zZ/05/2024 21:10 S0
Peak Analysis From Channel:
Paak Analysis To Channel:

Tentative NID Library: Cx\GEHXBZK\CAHFXLES\!Edlxbz.nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROI FPeak Enerqgy Net Peak Neot Area Continuum Tentative
No. Start End Centroid (kaVv) Area Uncext. caunts Nuclide
3 186~ 222 202.50 €56.10 7523.70 208.76 1914.30 AS~-T76

M = First peak in a multiplet region
m = Othesr peak in a multiplet region
F = Fitted singlet

E

rrors Quoted at 1.000 sigma
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DETECTOR 2"x2" - ESPECTROS VARIANDO LA DISTANCIA Na-22

1 384 ¢ ;513_1 I<=V cung: 2862 Freset m.lﬂl
10"
10
10"
10*
10
10"
keV
Lot Marker. 756 11768 hev FWHM, FWTM umuuuandv
Pight Markor 416 13650 kev Gaussian Hata:
Cantrokt 365 12760 ke ROV Yype.
Area 57681 = 063N Intogeal 83741
Peak Analysis Parformed on: 0zZ/0%/2024 21: 57 39
Peak Analysis From Channel:
Peak Analysis To Channel:
Tentative NID Library: cx\G:Hx::ﬂ\cnﬂr!h:s\stdlibz nlb
Paak Match Tolerance 3 1.000 keVv
Peak ROI ROT Paalk Energy Net Peak Net Area Continuum Tentative
No. Start End Centroi (kaV) Area Uncert. Counts Nuclide
i 356~ 416 364.69 1275.99 57304.32 942.90 26436.68 e
M = First peak in a multiplet region
m = Other peak in a multipletr region
F = Fitted singlet
Errors gquoted at 1.000 sigma

2 12736 keV

Left Maker: 3% 11768 kev

— Fw M— ?17‘5 ‘)BWW
| Nesa | Right Masker: 412 1379 0 heV Goussian Ratie: 1 005
LE Controid: 303 127 0 ke RO Type: 1

Arma ABDE3 2 062% Intogral 59266

Peoak Analysis Performed on: 0z/08/2024 22!07!‘D
Peak Analysis ¥From Channel:

Peak Analysis To Channel: xoza
Tentative NID Library: C: \GENIEZK\CAMFILES\Stdlib2.nlb
Peak Martch Tolerance 1 1.090 keV
Feak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centzoid (keVv) Ax Uncert. Counts Nuclide
3 356~ 412 383.24 1270.99 44787.57 684.73 144708.43 “eene

M = First peak in a multipletr region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at  1.000 sigma

ROI Index: g

10

Datasource 10"
(B [Re) o 1000

Kev
MARKER I
LN Loft Markes I9% 11760 kel FWHM. FWTM: 72768.136. 003 eV
[_Next | Fight Markes 411 1367 5 ket Goussian Motio: 1025
[Prev] Controid 383 12687 hev AOI Typa. 1
Arco: 3T = 067X Intogal 40696

Poak Analysis Pezformed on: 04/05/2024 22:47:03

Poakx Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Library: cx\GENI!ZK\CAHFILEB\Btdlibz nlb
Peak Match Tolerance : 1.000 kev
Peak ROIX ROI Poak Energy Net P k Net Area Continuum Tentative
No. Start End Centroid (kaV) Ax Uncert. Counts Nuclide
1 356~ 413 382.59 12€8.73 33829.85 489.43 71€6.15 SR-93

First peak in a multiplet region
Other peak in a multiplet region
Fitted singleu

=3
im
F
=

frors quoted at 1.000 sigma




IBA 12736 keV m 1170
10"
10
107
10"
= 10
 Dawmsource 10"
|[(Fie]) [Ne=i] ) 1000
keV
| eo; Lot Maker 396 11760 kv FWHM, FPWTM 71 787 133 369 ke
[[Nexa ] Hight Makor 410 13540 koY Gaussian Ratio: 1.019
@__l Contioid:. 302 12672 haV ROV Type 1
Aren: 5323 £ 07X Imagal 23230
Peak Analysis Performed on: 04/08/2024 22:57 ie
Peak Analysis From Channel:
Pwak Anal s To Channel: 02
Tentative NID Libr CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolexance : 1.000 keVv
Feak ROI ROI Poak Enesqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Area Uncert. Counts Nuclide
3 356~ 410 382.15 1267.18 25141.14 374.52 4088.86 s
M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet
Errors gquoted at 1.000 sigma
ROI Index: 10"
"
Datasource 9
et R e e o [ i S s s s =)
(B [[WezT) Kev
[(MAERER. INFO Lot Maskor. 356 11760hev  FwilM, FWTM: 60917, 136309 kev
[[Nesa | Right Markae, 408 13571 keV' Gaussian Ratie: 1,085
E Contcoid: o 12660 ko nol Type: 1
Aton 17987 2 066% Integal 20019
Pwak Muly;t. Performed on: 04/0%/2024 23: 12 40
eak Analysis From Channel:
Poak Analysis To Channel: 102
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 keVv
Peak ROX ROX Peak Energy Net Pesak Net Ares Continuum Tentative
No. Btart End Centroid tkeV) Aroa Uncert. Counts Nuclide
3 3se- 408 301.75 12€5.82 17712.€7 2950.34 2€0€.33 e
M = First peak in a multiplet region
jm = Other peak in a multiplet region
¥ = Fitted singlet
Errore gquoted at 1.000 sigma

Datasource

Trev

1000

MARKER INFO
Next |
o]

Loft Markas: 355 1173 3 heV
Right Makes: 410 13640 keV
Coantroid 382 12659 heV
Area 140 2 09X

FWHM, FWIM: 74476 131 400 ke

Feaad RO RrOI
No. Starrt End

1 Iss— 410
First peak in

M -

Im = Other peak in
F = Fitted singlet
jE

crors quoted at

Peak Analysis Performed on: 04/05/2024 23:21:10

Paak Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Library: C:\GENIEZK\CAMFILEE\Scdlib2.nlb
Peak Match Tolerance 3

1.000 kev

Poak Enerqgy Net Peak Net Area cContinuum Tentative
Centroid (keV) Area Uncerct. Counts Nuclide
381.77 126S5.88 13977.180 276.39 2178.82

a multiplet region
a multiplet region

1.000 sigma
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ROI Index: 10°
=1 =1 M
_Datasource 2 ‘ 0
Prew ' Nt ' " 2 v 8 .

R Lottt Markos 356 11768 ko MI.NIH: PATTH NI ke
Fight Maskes 411 1367 5 ke Gaussian Ratie: 1.010
Conteosd: 01 12540 ko not Type: 1
Asea 1093 s1 0% Intogral 12279

Poak Analysis Performed on: 05/05/72024 20: 31 31
Poak Analysis From Channel:
Peak Analysis To Channel: 10 2
Tentative NID Librar C:\GENIEZR\CAMFILES\Stdlib2.nlb

Peak Match Tolerance : 1.000 keVv
Peak ROI ROI Paak Enerqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
i 356~ s$11 361.45 1264.79 10756.81 230.80 i522.19% e

M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlet

Errors qgquoted at 1.000 sigma

Lot Markae 357 116502 eV FWHM. PWIM 65 787,116,008 eV
Mot Marker: 410 13640 heV Gaussian fatio: 0828
E Countrold: 382 12653 kev not Yype 1
Aroa 8234 41 348 Intogeal 9726
Peakx Analysis Performed on: 05/05/2024 20: 45 54

Peak Analysis From Channel:
Poak Analysis To Channel: 024
Tentative NID Library: Ci\GENIE2ZK\CAMFILES\Stdlib2.nlb

Peak Match Tolsrancs 1.000 keV
Peak ROI ROX Poak Enesqgy Net Peak Net Area Continuum Tentative
Nca. Scart End Centroid (kaV) Area Uncerc. Counts Nuclide
i 357~ 410 3e81.€0 1265.29 8370.€62 214.57 1385.38  ....-

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted esinglet

wgz

Errors gquoted at 1.000 sigma

Datasource
KGR Laft Marker 76 FWHM. FWTMS 60 860, 125 230 keV.
[ Next | Flaght Markor Gaussian Ratia 0959
EE Controwt: 22 noi Type: 1
Arma 6306 Intogeat: 7959

Peak Analysis Performed on: 05/05/2024 20: s:~ss

Poak Analysis From Channel:
Peak Analysis To Channel: 1024
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peak ROI ROI Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keaV) Area Uncert. Counts Nuclide
1 356~ 40% 3B81.61 1265.34 €755.81 1s8.92 1203.1% e

M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singlet

L

rrore gquoted atc 1.000 sigma




el 304 L 12736 keV Counts: 301 Preset 0/0.00
10
10
10
'_‘0' ""_."‘i 10!
Datasource 10"
[Few] [He]
MARKEFLINFO
— Loft Makor: 357 BB 2 heV w FWTM: 67195, 126856 bV
Fight Markor 400 13571 haV/ Gaussian Ratie 1067
l:&] Convoid 382 1266 € heV RO Type 1
A G054 3153% Iotagral 7009

Peak Analysis Performed on: 05/05/2024 21: oo 56
i k Analysis From Channel:

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

M3 X
1

Errors quoted at 1.000 wmigma

ak Analysis To Channel: 2
Tentative NID Library: <z \G!NIEZK\qus\stdlibz «nlib
Peak Manch Tolerance 1 1.000 kev
Peak ROT ROT Paak Energy Net Peak Net Area cContinuum
No. Start End Centroid (keaV) Aroa Uncert. Counts
1 357~ 408 381.98 1266.61 6€039.36 178.37 9€9.64 -

Tentative

Nuclide

Datasource

Eree] o]

MARKER INFO
=
[Prev ]

Peak Analysis Performed ont 0S5/05/2024 zxxoa:zn
Peak Analysis From Channel:

Poak Analysis To Channel: 102
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlibl.nlb
Peak Match Tolerance 1.000 kxeV
Peak ROI ROIX Peak Energy Net Peak Net Area Continuum
No. Start End Centroid (kaVv) Area Uncert. Counts
1 357— 409 Jvi.se 126s.24 5335.24 171.63 8s8 .76 .
M = First peak in a multiplet region
m <« Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma

Tentative
Nuclide
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DETECTOR 2"x2" - ESPECTROS VARIANDO LA DISTANCIA

Co-60 (1173,2 keV)

— Loft Mahes: 326 10737 keV FWHM. FWTM: 63529 102 475 kev
Nexa I Right Makor. 303 12701 haV Gaussian Matio: 0605
E"': Contcoid: 33 - 11667 kel HO Typo: 1
Asoa: 93413 s D70% Integeal 214227

Peak An.ly.l- Performed ont 05/05/72024 21:25 04
ak Analysis From Channel:

Po-k Analysis To Channel: 1024
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Poak ROIX ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide

ES 326- 383 3s3.09 11€66.74 106545.6 1826.24 107€81.3 ceeaa
= First peak in a multiplet region

=~ Other k in a multiplet region

= Fitted singlet

CER3

Errors quoted at 1.000 sigma

__Dawsource
| T |
MARKE F
e e Lan NM.I 327 10771 eV W, MI C‘ 213, 103678 ke
|_Next | Hight M. 383 0 12701 eV Gavesion Ratio:
[Prev | c-nv-u IS3 11674 keV ROt Type 1
Avea G574 s 079X Intogeat 150219
Paak Analysis Performed on: 0S5/05/2024 21:45;29
Peak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library: C:\CENIEZE\CAMFILES\Stdlib2.nlb
Peak Match Tolerances 3 1.000 keVv
Peak RrRoOI RrRoOI Poak Energy Net Peak Net Area Continuum Teéntative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide

1 327- 383 353.28 1167.41 75863.%0 1504.20 74355.10 ce-134

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

14

rrors gquoted at 1.000 sigma

: 11733 keV Counts: 3636
"
Datasource 30"
[Fiee] [mem LIS 8 521 150 I 15 5 0 I D O A ML OO R 0L L O UL S R et s G DD L AR L L R 1 L L O
eV
AARKEBIEN: Loft Markee 327 10771 ke FWHM, FW M s- 912,105 551 heV
Next Faght Markes: 301 - 12632 keV Gaussian Hatio: 0
[Prev | Centimid. 253 1165.2 ke AOI Type: 1
Aron ATSE4A 2 000X Integeal  SORAG
Peak Analysi=s Performed on: 05105/2024 32:11:14
ak Analysis From Channel
Peak Analysis To Channel: 2
Tentative NID Library: L=k \GI"XEzK\CMFILEB\SEdlLbZ nipk
Peak Match Tolerance : 1.000 keVv
Peak ROXI RrROX Peak Energy Net Peak Net Areas Continuum Tentative
No. Start End Centroid {keV) Axrea Uncert. Countsas Nuclide
3 327~ 3ea 352.64 11€65.19 S4352.60 1082.32 39493.40 ..
M = First peak in a multiplet region
fm = Other peak in a multiplet region
¥ = Fitted singlet
Errors quoted at 1.000 sigma
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Tidle [ Channek: 355 G 11733 kev 75 Fre s X

is Poerformed on: 05/05/72024 22: 32 S6
Peak Analysis From Channel:
Poak Analysis To Channel: 10 2
Tentative NID Library: CT:\GENIEZK\CAMFILES\Stdlib2Z.nlb
Peak Match Tolerance 3 1.000 keVv
Peak ROI ROI Peak Enscgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncerc. Counts Nuclide
1 327~ 380 352.34 1164.17 39750.25 8Eé1L.18 283¢3.78  .oua.
M = First peak in a multiplet region
Im = Other peak in & multiplet ragion
¥ = Fitted singlet
Errors guoted at 1.000 sigma
ROl Index: 10°
- | S |
Dstasource 1o
METH ] e L L L A L A L L L L L L L L L L L L L A L L A L LAl ARl ALl il
kav
MARRER TR Lolt Markor: 320 10039 ket WM WM c‘s'u 104130 ke
Fight Makue 381 12632 haV Gaussian Ratio: (0
EEEEJ Controid: 353 1166 4 ko no Yype: 1
Adeas 24581 2113% Intogial 44017
Peoak Analysis Pexrformed on: 06/05/2024 13:13:586
Peak Analysis From Channel: 1
Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peaak Match Tolerance : 1.000 keVv
Peak ROX ROI Poak Energy Net Poak Net Area Continuum Tentative
No. Start End Centroid (keoV) Aren Uncert. Counts Nuclide
i 329~ 381 352.99 1166.41 25502.05 732.17 18714.95 ceaan
M = First peak in a multiplet region
1o Other peak in a4 multipler region
F = Fitted singlet
Errors guoted at 1.000 sigma

EL l"!iS =V Counts: 1278

Loft Modkas: 327 10771 heV FWHM_ PWTM. S1S86. 107 243 xeV
Flight Mankes 379 . 1296 3 keV Gaussian Flatio. 0929

Peoak A.na].yaiu Performed on: 06/05/2024 15: 34.36
ak Analysis From Channel

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

CERS3
e

Errors guoted at 1.000 sigma

Po-k Analysis To Channel: 10
Tentative NID Library: (=3 \02“1!2K\CMTIL€S\S:¢1:I§2 nlb
Peak Match Tolerance : 1.000 keV
Peak ROI ROIX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Areca Uncert. Counts Nuclide
1 327— 379 352.315 1163.52 22250.52 S73.91 11330.40 ceess
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132

o M-l ﬂ’ ‘m‘kw FWHM, FWTM 61 363 106 968 keV
‘L_!_‘_gz_d:] Fight Madkes: 173 13563 ke Gauxsian Ratio: 0956
[Prev ] Contoid. 352~ 1162.0 ke ROt Type. 1
Awwa 16164 1 130% Intnaral 26771

Feak Analysis Performed on: 0€/05/2024 15: 51 a0

Poak Analysis From Channel:
To Channel: 1024
C:\GENIE2K\CAMFILES\Stdlib2.nlb

Peak Analy
Tentative NID Librar

Peak Match Tolerance 1.000 kev
Pesak ROXI ROX Peak Energy Net Pesak Net Area Continuum Tentative
No. Start End Centroid (koV) Arca Uncert. Counts Nuclide
i 327~ 379 352.01 1163.01 1660S5.20 S39.43 10125.80 “eena

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors guoted at 1.000 sigma

WM, PW T 62166108173k |
. 0920

Peak Analysis Performed on: 06/05/2024 16:06!58
ak Analysis From Channel:
Poak Analysis To Channel: 02
Tentative NID Libracy: <z \GENXIZR\C&M'!LES\S!GI1b2.nlb
Peak Match Tolerance : 1.000 ke

Peak ROI ROI Paak Energy Net Poeak NHet Area Continuum Tentative
No. Start End Centroid (koV) Area Uncert. Counts Nuclide

i 328~ 379 352.20 1163.6% 13781.03 4€0.28 7390.97 “sene
First peak in a multiplet region

IM -
m = Other peak in a multiplet regicon
F = rFitted singlet

14

rrors gquoted at 1.000 smigma

...... = Left Markor: 328 10801 ko FWHM, FWTM: 61 932, 110436 ke
[ Next | Flight Masker 379 1256 1 kel Gaussian Ratie: 0970
[Pl Conhoid: 362 11634 ke not type. 1

Arma; 10667 11 60% Intogial 17732

Peak Analysis Performed on: 06/05/2024 16:23!45
Paak Analysis From Channel:

Peak Analysis To Channel: 10
Tentative NID Library: C:\GtNltzK\cAMP!LBS\StdILbz nlb
Peak Match Tolerance : 1.000 keV
Peak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Btart End Centroid (kaVv) Area Uncertc. Ccounts Nuclide
3 320~ 37e 352.13 1163.45 11460.42 422.07 €263.%0 e

M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singletc

E

rrors gquoted at 1.000 migma




156 - 11733 keV.
Siomenicn

10*
10°
10 | i
100 i
kev
Lot Markos: 205 1070 2 eV PWHM. WM Olﬁtﬂod‘hﬂ
Fight Marker. 373 12563 keV Gaussion Natio
Conteold 351 11601 ket ot Yype: 1
Awva 0966 21 77% Intogeal 14533 |
Peak Analysi Performed on: 06/05/2024 16: 40 49
Poak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Paak Match Tolerance @ 1.000 keV
Peak ROX ROIX Poak Energy Net FPoak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncert. cCouncs Nuclide

1 325- 379 351.15 1160.06 9462.51 404.05 5450.49 reees

- First peak in a multiplet region
im = Other peak in a multiplet region
= Fitted singlet

Krrors quoted at 1.000 migma

329 L FWITM 53681103 410 ke
Right Markee: 300 -~ 126587 eV &wuhuﬂub:ﬂﬂn
Contioid. 353 116480V ot Yype: |
Aroa 6837 * 2138 Integeal 12323

Peoak Analysis Pexformed on: 06/05/2024 16: 55 a7
Peoak Analysis From Cha el
Peak Analysis To Channel:

Tentative NID Library: Cl\GEHIEZK\CAHI!LEB\S:CILbz.nlb

Peax Match Tolerance 3 1.000 keVv
Peak ROI ROI Poak Enexgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Area Uncertc. counts Nuclide
i 329~ 380 352.53 i1i64.81 73€7.98 374.32 4955.02 e

M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlst

i

rrors quoted at 1.000 sigma
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DETECTOR 2"x2" - ESPECTROS VARIANDO LA DISTANCIA

Co-60 (1332,5 keV)

A0 1332.7 keV ounts: 6077 .00

RO1 Index:
*
Datasource
(0700 |
" Left Masker: 372 12320 keV FWHM, FWTM. 68156 114061 keV
Night Marker: 431 14975 kv Gawssian Ratio: 0910
L__:T Contrond. 400 13292 eV ROl Typo: 1
Asoa DATI5 2 067X Intogeal 165410

Peak Analysis Performed on: 05/05/72024 21: 35 38
Poak Analysis From Channel:

Poak Analysis To Channel: io2
Tentative NID Library: ux\ctu::zu\c&ur:zzs\s:&xLbz nin
Peak Match Tolerance 1 1.000 keVv
Peak ROI ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
1 372~ 431 399.599 1329.1€ 99413.0% 14449.41 65996.91 e eea

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlsc

mER

Errors quoted at 1.000 sigma

-Rovindec
ml‘l‘ﬂ.
I’u‘v l nr-i l
P Lol Markoe 373 12955 hev FWHM. PWTM G0 35 114904 beV
Next I Flaght Marker 423 14304 eV Gaussian fllatie. 0923
[?.wv“‘l Controid 400 13294 %ev nOt Type 1
MAea 70280 2 063% Integeal 115104

Peak Analysis Parformed on: 05/05/2024 21: 57 o7
Poak Analysis From Channel:

Paak Analysis To Channel: aozc
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 3 1.000 kev
Peak ROX rROX Peak Enesgy Net Peak Net Area Continuum Tentative
No. Scart End Centroid (kaV) Area Uncexrt. Counts Nuclide

1 373~ 429 400.06 1329.41 7665S5.77 1000.43 38440.23 e
M = First peak in a maltiplet region

im = Other peak in a multiplet region

F = Fitted singlet

L

rrors gquoted at 1.000 sigma

ygataie Lot Mackoe: 073 12956 ket FWHM, FWTM 70920 119479 keV.
[ Nex | Flight Madker 423 - 1430 4 heV Gaussion Matio: 0532
['ﬁ"v‘l Canteoidd. 400 13290 ke RO Type. |
Aroa: ABTS7 0 0.73% Integeal 719537
Peak Analysis Performed on: 05/05/2024 22:11:50
Poak Analysis From Channel:
Poak Analysis To Channel: 10
Tentative NID Library: (=5 \atux:zn\cnnrxLzs\s:dxthz nlb
Peak Match Tolerance 3 1.000 kev
Paak ROI ROX Paak Enerqy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 373~ 429 389,93 1328.95 S2é46.18 778,68 is2s0.82 DI
M = First peak in a multiplet region
m = Other peak in a multipler region
F = Fitted singlet
Errors guoted at 1.000 sigma
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__Counts: 2007 Preset 0/0.00

Mdle | Channel: 401 133
Acquice

ROt Index:
~ +

Datasource
[ P ' l'ﬁ»-l '
INFO
ot Lo Markes: 374 12300k PWHM. FWTM. 67312 11807600 |
[ Nexa ] Fright Markoe A28 14269 eV Gawssian Ratio: 0
[CPrew ] Cantioid: 400 132064ev  AOI Typa: 1
Area 34967 +0.77% Integeat 45054

Peak Analysis FPerformed on: 0s5/05/2024 22:39!50
Pealk Analy From Channel:
To Channel: 102
<2 \czwx:zx\cmrzx.:s\szau.bz nib

Poak Match Tolerance : 1.000 keV
Poak ROI ROIX Fealk Energy Net Peak Net Area Continuum Tentative
No. Start End Cenctroid (kav) Area Uncerc. Counts Nuclide
3 374~ az8 399.82 1328.5% 3828S5.71 579.4% 10768.2%  .....

M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlet

&

rrors guoted at 1.000 migma

keV Counts: 1

10

Loft Markeor: 373 12355 heV Fwihs, FwWim nmn-mw
Thght Marker 429 1420 4 kv Gaussian Natio:
Conteoit 400 13079 bV A0 Yype: |
i ZI0EE L10% Intogiat

Poak Analysis Performed on: 0E6/05/2024 13:20:01
Peak Analysis Fraom Channel:

Poak Analysis To Channel : 02
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1.000 keV
Peak ROI ROI Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Aroa Uncert. Counts Nuclide

1 373~ 429 399.62 1327.098 26499.86 499.42 7816.14  .....

Firet peak in a multiplet region
Oother peak in a multiplet region
Fitted singlet

™M
m
L3
®

rrors guoted ac 1.000 sigma

EE T Channet

Acquire

Preset: .

RO Indesxc
==
Datasource
NG Loft Markor: 374 12330 keV FWHM, FW M. 69444 129 150 ke
Thight Madkes. 430 14333 keV Gaussian Ratis:. 0973
E Controkt. 400 VI8 B keV/ RO Type:
| Area: 18611 21 08% Integrat 25743
Poak Analysis Performed on: 06/05/2024 15:40 28

Paak Analysis From Channel:

Peak Analysis To Channel:
Tentative NID Library: Cs3 \GBNZE:K\CANY!LEG\B:dlthz nlb
Poak Match Tolerance : 1.000 keV
Peak ROI ROTI Poak Enecgy Net Feak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 374~ 430 399.86 1328.78 20611.95 405.26 5131.05 ceeen

First peak in a multipletr region
Other peak in a multiplst region
Fitted singlet

EEES
e

Errores quoted at 1.000 sigma




Wl | Channel: 401 1332.7 keV Counts: 817
e s =

Loit Markeor 373 12955 keV FWHM. PWIM: 70 407, 119 004 bV
[Nexa ] Flight Mackes 427 14234 heV Goussian Ratio: 0.927
[Prev ] 98 13370 heV O Type 1
Acca: 14156 = 124%
Poak Analysis Performed on: 0o&/05/2024 lExSB:Dl
Peak Analysis ¥From Channel:
Peak Analysis To Channel: 10 2‘
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peaak Match Tolsrance : 1.000 kev
Peak ROI ROI Poak Enecgy No: P..k Net Area Continuum Tentative
No. Start End Centroid tkoV) Uncert. Counts Nuclide

p § 373~ 427 359.38 1327.04 15265.53 394.74 5022.47 “Heee
IM = First peak in a multiplet region

im = Other peak in a multiplet region

F = Fitted singlec

Errors gquoted at 1.000 sigma

ROI Indes:
=1 [0
Dstasource
MARIEINED Loft Mackor: 374 - 12300 ke QU TN B85, 118 800 eV,
Flight Maskes 429 1430 4 hev Gaussian Matio:
@ Cantroid: 400 1320 1 ke not type: 1
Asma 11417 £1.37% Integeal. 16100

Peak Analy

is Performed on: 06/0S/2024 16: 13 13
Peak Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Library: C:\GENIE2E\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Feak ROI ROX Peak Energy Net Peak Net Area cContinuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
3 374~ 429 399.68 1328.0% 127%2.72 323.09% 3307.28 e

M = First peak in
Im = Other peak in
F = Fitted singlet

Errors guoted at

a multiplet region
a multiplet region

1.000 =igma

Datasource

R | L:]

- MARKER INFO

Lolt Markor: 373 12355 ke FWHM. FwW M uau 122 509 kv
Next l Fight Marker: 426 14189 ke Gaussan Hatio:
Ew:l el 299 | 1229.0 ke RO1 Type 1
Avos DTN LARLEY Intogeal 13670

Poalk An-ly-t- Performed on: 0E/05/72024 16: 31 os

k Analysis
Peck Analysis

Tentative NID Library:

Peak Match Tolerance :

From Channel:
To Channel: 1024
C:\GENIE2ZK\CAMFILES\Stdlib2.nlb
1.000 kev

Paak ROX ROI Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 373~ 426 399.09 1326.05 108269.70 296.60 2800.30 ap-124

M
.
1 Fitted singlet
E

rrors guoted at 1.000 sigma

First peak in a multipler region
Other peak in a multiplet region
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MARKER INFO

i Lol Makar: 72 12320 kaV PWHM, PWTM 73081 116,67 kv
[ Nexa | Fight Marker: 429 14304 kel s--unu-n- oerr
[CPrev] Contoid. 399 13259 heV AOI Type: 1

Aren 7791 4 185% Intagiat 11213

Peak Analysis Performed on: 06/05/2024 16:47:52
Peak Analyseis From Channel:
Poak Analysis To Channel:
Tentative NID Library: (=23 \GlﬂxlzK\mr!L!.\Stdlibz nlb

Feak Match Tolerance : 1.000 keV
Feak ROI ROI Pealk Energy Net Feak Net Area Continuum Tentative
No. Start End Centroid (koV) Axoa Uncerxt. Counte Nuclide

1 372~ 429 399.06 1325.94 €413.76¢ 300.14 2799.24 sp-124

M = First peak in a multiplet region
Im = Other peak in a multiplet region
P = Pitted singlet

Errors Quoted at 1.000 sigma

‘!1 'i l=32.7 =V C ==' 9 mi 0

10"

104
10"

10"

RLINED Loft Marker 375 12459 ke Mm WM ssm l‘Su‘M
[ Nesxa | Fight Marker. 429 14204 keV Gaussian Natia: 0941
Prev Centold 200 13266 heV RO Type 1
[Prev | Aroa: 151 21 81% Intogeat 9412

Peak Analysis Ferformed on: 06/05/2024 17202:00
ak Analysis From Channel:
Peak Analysis To Channel:

Tentative NID Library: (=3 \GEN!EZK\CAH'!LIO\B&dIin nlb

Peak Match Tolerance : 1.000 keV
Peak ROI ROI Peoak Enexgy Net Peak Net Area Continuum Tentative
No. Start End cCentroid (kev) Area Uncert. Counts Nuclide

1 376~ 429 399.83 1328.61 7323.33 253.11 2088.67 .

First peak in a multiplet region
Other peak in a multipler region
Fitted singlet

i~
m
F
B

rrors quoted at 1.000 sigma
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DETECTOR 3"x3" - ESPECTROS VARIANDO LA DISTANCIA Am-241

1507312 Preset
S R = flonsas dadisas
1000 2000
oV
ST E T FWHM, FWIM 13464 15011 eV |
: 18 W‘w Gaussian Aatie 0644
k12 55 AOL Type 1
 AB 2574 ﬁﬂlﬁi Intogial 5223455 |
Poak Analysis Performed on: 07/04/2024 15: 52 41
Poeak Analyesis From Channel:
Peak Analysis To Channel: 2
Tentative NID Library: c:\czuxzzn\cm.rxx.ts\s:cuxbz.nlb
Poak Match Tolerance : 1.000 kev
Peak ROT ROT Paak Enerqgy Net Peak Not Area Continuum Tentative
No. Start End Centroid (koV) Area Uncert. Counts Nuclide
1 iS5~ is 17.01 59.51 3919931. 2923.989 1303503. AM~-241
TR-232
M = First peak in a multiplet region
m = Other peak in & multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
Countn: 1167432 00
ihllied ;hhl-;-‘n TR PPN ¥ S Y
atasource
[wira o) 9 1000 2000 kev
oy e Lot Markee 195 816 ke FWHM, r'wism ‘52‘: 15 ke
NE] Flight Markor 19 67 4 eV Gaussian flatio. 05
Prev | Contioid 17 599 heV NOI Type 1
Aroa 3708769 = 006N Intogral 4533383
Peak Analysis Performed on: 07/04/2024 16:19302
Peak Analysisc From Channel:
Peak Analysis To Channel:
Tentative NID Library: C: \GtNxzzk\cmm!B\s:dli.bz.nlb
Poak Match Tolerance : 1.000 kev
Peak ROIX ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Cencroid {koV) Area Uncert. Counts Nuclide
i 15— i9 17.10 59.07 2650692. 3111.91 1934690, AM-241
TH-232
M = First peak in a multiplet region
. = Other peak in a multiplet region
F = Fitted smsinglet
Errors gquoted at 1.000 sigma
o Saisssume. 100 o T Ml
Tieo) [Nea]
o 1000 2000
keV
PERINGD: Lot Markes 15 51.6 hoV PWHM. WM 15011 15811 kel
N"l‘ll Flight Maskes 15 G ANV Gaussian Natio. 0543
_Prev | Conteold. 17 937 hev AOI Type: 1
A 2372681 s 008% Itograt 3419072
Peoak Analysis From Channel: 1
Peak Analysis To Channel:
Tentative NID Library: L3 \G!NXEZK\CMP!LES\Bedlin nilkb
Foak Match Tolerance : 1.000 kaVv
Poak ROI ROI Fealk Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncert. Counts Nuclide
i 15~ 19 17.07 S9.75 1435084. 2846.79% 19833807, AM-241
TH~-232
M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fictted singlet
Errors guoted at 1.000 sigma
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17 2 5’.=h\l H 0.
10
10"
10
10
107
10"
1w nd.‘kmlu‘_';_-,._‘n.uh-;.u.
o 1000 2000
kaV
e Loft Marker: 15 51.6 eV FWHM, FWTM: 15811 15811 keV/ |
ot Marker. 19 67 4 ke Goussian Natie. 0549
Contront 17 HEE ke RO Type: 1
Area: 1657071+ 009% Intogral: 2256469 |
Paak Analysis Performed on: 07/04/2024 16:54 26
Peak Analysis From Channel:
Poak Analysis To Channel:
Tentative NID Library: (=21 \ngxnax\cmxnzs\sndxxbz nlb
Poak Match Tolerance : 1.000 kev
Peak ROI ROX veak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Aroa Uncest. Counts Nuclide
1 1S~ 1is 17.04 59.63 1057981. 2327.53 1158488. AM~-241
TH-232
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma

il b Lo

2000
oV
FWHM. FW M 15811 15811 kev
Gaussian Ratia: 0549
RO Type 1
Intogral: 1783410
Peak Analysis Parformed on: 07/04/2024 17:06:41
Peak Analysis From Channel: 1
Poak Analysis To Channel: 1024
Tentative NID Library: CI\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 keVv
ROI ROXI Poak Energy Net Poak Net Area Continuum Tentative
Start End Centroid tkav) Ax Uncert. Counts Nuclide
i 15~ ie 17.086 59.73 B15077.7 208€.24 %€8332.2 AM-Z41
TH-232
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors guoted at 1.000 sigma
17 59.5 keV .00
10"
10t
10
10
ROI Index: 10’
=1 o1 | o : .
Datasource e Au“ﬂl("uj
o 1000 2000
e ERiee Lottt Mackms: 15 516G ke FWHM. PWIM. 15001 159671 heV
Next Fight Marker 19 7.4 ke ﬁmu.nm 549
CPrev ] Comtroid 17 590 keV AOL Type
Aroa 10°0670 = 012% lu..d uum:
Poak Analysis Performed on: 07/04/2024 17z 15:3(
Peak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Libraxy Cs \ozuxzzx\cmxms\s:axihz nlb
Peak Match Tolerance 1 1.000 keVv
Poak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Area Uncert. Counts Nuclide
i 15— 19 17.08e S$9.80 €59970.1 18S50.08 754380.0 AM-241
TH-232

M = First peak in a multiplet region
im = Other pe in a multiplet region
¥ = Fitted singlect

Errors quoted at 1.000 sigma




17 59.5 keV Counts: 269276 Provet: m.l)ll
1m0
10
10
10%
ROl Index: 10"
. I 10’
Hatonneson 10* . r;LALAn.LLuﬂJh.u
[ o 1000 2000
(7= | ev
e e Lol Markor. 15 | 516kev FWHM_ FWTM: 1501115871 keV
E"ul Fight Marker 19 67.4 hav Gaussion Ratio: 0549
[Prev | Contiowt: 17 527 hav HOL Typo 1
Area: B17510  2013% Irtegral 1122572

Peak Analysis Performed on: 07/04/2024 17:27!50
P kX Analysis From Channel:

ak Analysis To Channel 021
Tentative lllo Library: CI\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance @ 1.000 kev
Peak ROI ROIX Poak Enerqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncertc. Counts Nuclide
1 15~ 19 17.06 59.73 S509604.1 1855.74 €12967.8 AMm-241

TH-232

M = First peak in a multiplet region
Im = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

M 191763 mcﬁ m.“

Mlia Mkl i Mk

1000 2000
L
516 kaV FWHM, FWTM 15510 15810 keV
67 4 oV umun— 059
592 ke ROI Typo:
=016% Inteural 0""7 |
Poak Analysis Performed on: 07/04/2024 18: xc 32
Peak Analysis From Channel:
Poak Analysis To Channel: 10 2
Tentative NID Library C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1.000 kev
Peak ROX ROI Poak Enexgy Net Peak Net Area Continuum Tentative
No. Starct KEnd Centrold (keV) Area Uncert. Counts Nuclide
i 15~ is 16.93 £5.19% 344618.7 1437.24 4€9498.2 TH-232
AM-241
M = First peak in a multiplet region
Im = Other in a multiplet region
¥ = Fitted singlet
Errors quoted at 1.000 sigma
59.5 keV Counta: 152619 Preset: .00
10' m
100 )
Datasource
e [Me=i] o 1000 2000 iz
MAREERQIED. Lottt Markar: 15 51 6 haV PWHM. FWTM: 1501015810 keV
[ Next | Fight Matker 15 674 ket Gaussian Ratio: 0545
[Prev | Controwdt 17 582 ket HOL Type |
Aroa. 440750 2 018% Intogral. 645170
Paak M-ly-tl Poaxrformed on: 07/04/2024 18: 25 20
k Analysis ¥From Channel:
P k Analysis To Channel:
Tentative NID Library: C:\GEHXEZK\CMI!MG\.E:dl;bZ.nlh
Peak Match Tolerance 1 1.000 keVv
Peak ROI ROT Poak Energy Net Feak Net Area Continuum Tentative
No. Start End Centrold (kaV) Area Uncert. Counts Nuclide
3 15~ ie 16.92 59.317 27631%.5 1275.98 366850.5 TH-232
AM-Z41

M = First peak in a multiplet region
m = Other ak in a multiplet region
F = Pitted singlet

Krrors gquoted at 1.000 sigma
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! b it Al
2000
Kev

1000

19 67 4 heV Gaussion Matio

Lott Markor: 15 516 kov WM. FW M 15610, 15 810 kev
[[Nexa | Flight Marker . 0549
E Controid 17 092 ke oY Type
Aega: I76415 2 020%

Peak Analysis Performed on: 07/04/2024 10:41:44
Peak Analysis From Cha 1: 1
Peoak Analysis To Channel 1024
Tentative NID Library: C:\GENIEZR\CAMFILES\Stdlib2.nib
Poak Match Tolerance : 1.000 keVv

k ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counte Nuclide

1 is5~ is 16.92 59.16 231336.6 1162.14 309969.3 TH-232
AM-241
M = First peak in a multiplet region

m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

: 5 =V le!'i 107533 m

Preset:
Mtl&lmudmup i e it 24
o 1000 2000

eV

2 RO Type
*0.22% Intogral 456129

Poak Analys 07/04/72024 18:50:35
» 1: i
Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIE2K\CAMFILES\StdlibZ.nlb
Peak Match Tolerance 1.000 kev

Poak ROT ROTI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Aroa Uncert. Counts Nuclide

1 18- i9 16.92 S9.16 194140.2 1074.49 261988.7 TH-232
AM-241
IM = First peak in a multiplet region

Im = Other peak in a multiplet regicon
F = Fitted singlet

Errors guoted at 1.000 sigma
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DETECTOR 3"x3" - ESPECTROS VARIANDO LA DISTANCIA Ba-133

I50.2 keV Counts: 103260 Preset: 0/0.0
Lr
10*
10+
10°
107
10!
10° y L el Vs il
1000 2000
keV
Loft Marker: 03 3222 bt FWHM. PWIM 30473 2 Rakey |
Fraght Maskos: 107 3944 eV Gaussian Hatie 0897
Controid 93 350 4 haV/ ROI Typo
Area 612013 s022% Integeal 1376104
Paak Analysis Performed on: 07/04/2024 19:20:20
Poak Analysis From Channel: 1
Paak Analysis To Channel: 024
Tentative NID Library! Cs3 \thxzzn\cnnr:nzs\s:dlLbz.nlb
Peak Match Tolerance : 1.000 kev
Veak ROI ROTI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Axea Uncert. Counts Nuclide
i 83~ 101 $2.55 3€60.44 S554885.3 3030.63 B21i248.6 e
M - a multiplet region
- multiplet region
F = rt:tod -anlo:
Exrrors quoted at 1.000 sigma
0o
e dliltds 4]
2000
eV
. ay o Lot Marker @) 222 2 kaV FWHM, FW M 3857 62 560 ke
Next l Fight Marker 107 3944 eV Gaussian Rotie 0095
_Prav | Comtrond: 90 5602 kat/ RO Type )
Aroa: AT 2 025% Intogeat 103779
Peak Analysie Performed on: 07/04/2024 19: 39 27
Peak Analymsis From Channel:
Peak Analysis To Channel:
Tentative NID Libraxy <z \G"IEzK\wX“S\’cdlibz nik
Peak Match Tolerance : 1.000 keVv
Peak ROIX ROI Poak Enecqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Uncert. Counts Nuclide
1 83~ 101 92.50 360.24 432513.2 2606.50 €605284.7 .
M = Firet peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlet
Errors gquotesd at 1.000 siagma

et 0o
LA B e A, il (1K1
1000 2000
keV
Loft Markar 83 3222 ke FWHM, FWTM. 41 007, 66370 keV
Pight Markes 101 AB4 4 ke Gaussian Matin O D08
Contront 52 3590 ke HO Type: 1
Ao I7H549 2 026% Intageat 780143
Poak Analys Pearformed on: 07/04/2024 19%: 46 49
Foeak Analysis From Channel:
Peak Analysis To Channel: x024
Tentative NID Library: C:\GERIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kav
Poak ROI ROI Peak Energy Net Peoak Net Area Continuum Tentative
No. Start End Centroid (keoV) Aroa Uncert. Counts Nuclide
1 83~ 101 $2.19 355.03 341928.0 2176.91 4198215.90 ceeen
M = First peak in a4 multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet
Errors quoted at 1.000 siama
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M = First peak in a multiplet region
Im = Other peak in a multiplet region
¥ = Fittad singlet

Errors gquoted ac 1.000 sigma

10* I

10

10

107

10

100 A i il A

Q 1000 2000
keV
Lol Marker: 8% 325 2 ke FWHM. FWTM. 36117, 60 286 et/
Flight Markee: 100 2904 keV osea
= IA7 heV
 Awea 2!7‘71 = 030%

Peak Analysis Performed on: 07/0‘/202l i19: ss 3s

Poak Analysis From Chann 3

Powak Analysis To Ch.nn.l' 02
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Pesak Match Tolerance : 1.000 keVv

Peak ROI ROIX Peak Energy Net Peak Net Area Continuum Tentative

No. Start End Centroid (kav) Area Uncert. Counts Huclid
i g4 100 @2.12 358.74 234368.2 1617.74 250326.7 ceemn

| tdie |  Channet: 2 .2 keV Q ¥
10%
10
107
105
10! 3
100 'u_._‘n.m“umm
o 1000 2000
keV
Lot Markus. 84 3262 ke FWHM, FWTM. 55 719 55 583 keV/
Fight Madkas: 99 JOG. A eV Goussiaon Ratio 0053
Controid 92 357 6 ke ROL Type 1
Arma: 209074 # 0.33% Integeal: 90576
Peak Analysis Performed on: 07/04/2024 20;09 21
Peoak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library: Ci\GENIEZR\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Feak ROI ROTI Peak Energy Net Peak Net Area Continuum Tentative
Wo. Start End Centroid (keV) Axea Uncert. Counte Nuclide
i B84~ 29 91.83 357.55 189971.1 1423.27 203604.8 e
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma

Wle | Channel:

Acquli

First peak in a multiplet region
©Other peak in a multiplet region
Ficttad singlet

LR
(RN

Errors gquoted at 1.000 sigma

ROt Index:
== 0 7
Datasource ‘ M AR oo bl R LR
1000 2000
ke
MARKER INFO =
Loft Madkay 85 3302 koV FWHM, FWTM 35 783 15 438 heV
Flaght Maskas: 99 F96.4 oV Gaussian Matia: 0050
Centioid. 92 358.5 keV Ol Type: 1
Asmal 163524 +038x Intwaeal
Pealk Analysis Performed on: 08/04/2024 15: 13:20
Peak Analysis From Channel:
Peak Analysis To Channel: 10 2
Tentative NID Library: C:\GENIEZE\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 kaVv
Psak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (xaV) Area Uncert. Counts Nuclide
i 85~ 59 $2.06 350.48 148518.4 1144.35 136076.5%5  .....




144

9. 2 358.2 keV Counts: 22045 Preset: .00
10
10
10%
10%
10'
Datasource 10" Ml“m:di‘ AN )
L) . g o s
Kev
FLIND Lalt Mackor 05 3302 keV FWHM, FPWTM. 35 592 54 801 keV
Fight Marker 59 366 4 heV Goussian Ratie. 0836
E Contiowt 92 T5HA ko no Type 1
Asea: 139462 038N Integeal. 235001
Poak Analysis Porformed on: o8/04/2024 15:!0 29
Peak Analysis From Channel:
Peak Analysis To Channel: 10
Tentative NID Library: c: \GI:NIEZK\CM?ILBS\Stdlthz.nlb
Poak Match Tolerance : 1.000 keV
Feak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Ar Uncert. Counts Nuclide
1 85~ 59 92.04 358.40 126411.0 1028.37 109419.1 e
M = First peak in a multiplet region
in = Other peak in a multipler region
F = Fitted singlet
Errors guoted ac 1.000 sigma
358.2 keV Counts: 17867 Presct: .00
Datasource 100 ki Bt b b
[Eav] [Nea] P3 1000 2000
keV
IMARKER INf9- Loft Markor 85 5902 ke FWHM. IW M. 36 357,56 535 keV
[_Next | Bight Morkor: S8 3864 keV Goussian Hatio: 0853
E Centrowd 92 IS7.9 kaV RO Type. 1
Arna “72’5 * 0 40% ll“-d wwz
Poeak Analysis Performed on: oe/oq/:ozq 15: 20 sS4
Analysis From Chann 3
k Analysi=s To ch.nnol.
Tentative NID Library: [=£3 \G“IEZK\CMPXLES\B::IIL!:Z.nlb
Peak Match Tolasrance : 1.000 ke
veak ROI ROI Feak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (k=V) Area Uncert. counts Nuclide
i 85~ 9 S1.%90 357.86 10€379.8 s08.ss B44s2. .19 s
M = Firat peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 migma

EEJ Avma 4080 2 045% Integral 19180

ak Analysis Performed on: 08/04/2024 15: 36 54
Peak Analysis From Channel:

Peak Analys=is To Channel: 1024
Tontative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 3 1.000 kev
13 ROI ROI Pealk Energy Net Peak Net Area Continuum Toentative
No. Start End Centroid (xev) Area Uncert. Counts Nuclide
1 85~ 9 $1.85 357.6€ 86846.44 799.37 65039.56 e

= First peak in a multiplet region
= Other peak in a multiplet reoegion
= Fitted singliec

RE-E

Errors guoted at 1.000 msigma




Aroa TES22 2 049%

\a Counts: 0 Preset .00
I o IO e e R R R R
eV
MARKEFL INFO =
oottt B 2l W PWTH 2205 55 102kev
E Conteod 92 IR0 kv "ot tepe 1

Peak Analysis Performeod
Peak Analysis
Peak Analysis

Tentative NID Library:

Paak Match Tolerance :

Feak ROI ROI Peak
No. Start End Centroid

1 85~ 99 91.98

Fitted singlet

rrors quoted at 1.000 sigma

on: 0B/04/2024 15:44:25
From Channel: 1
To Channel: 1024
C:\GERIEZR\CAMFILES\Stdlib2.nlb
1.000 kev

Energy Net o
(keV) Ax

k Net Area Continuum Teontative
Uncert. Counts Nuclide

3S8.03 72672.40 724.18 S53193.60

M = First peak in a multiplet region
m = Other peak in a multiplet region
F o=
E

Counts: 1

e 100 LRG0 Al 1o Edlls
Piow | Aot I o 1000 2000
| e Laft Markay: 89 330 2 keV FWHM, FWTM. 35153 51 554 ke |
023 keV Gaussian Rato. 0004
2569 ke NOt Type )
+054% Teograt 10871559

Paak Analysis Performed
Peak Analysis
Peak Analysis

Tentative NID Library:

Peak Match Tolerance :

No. Start End Centroid
i BsS— S8 91.68
M = First peak in & multiplec

im « Other peak in a multiplet
F = Fitted singlet

Errors gquoted at 1.000 sigma

ons: 08/04/2024 15:51:01
From Channel: 1
To Channel: i

Paeak ROI ROI Poak Energy Net FPeak Net Area

Continuum Tentative
(kav) Axea Uncert. Counts Nuclide
35€.87 S55052.09% 673.68 45146.91 KR-89
BA-~133
region
region

o24
CI\GENIEZE\CAMFILES\Stdlib2.nlb
1.000 kev
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DETECTOR 3"x3"

- ESPECTROS VARIANDO LA DISTANCIA Cs-137

LN ettt pldidd de b let

Ng 2

o 1000 2000
keV
Luft Maskas 151 596.5 heV FWHM, r'wim E"lm 93039 ke
gt Markes 183 7270 ke G oussian Hatio:
Controid: 167 . 6630 ke ROl Type:
Adea 36425 08X Integral 46550
Peak Analysis Performed ons 09/04/2024 1111-:15
Poeak Analysis From Channel:
Peak Analys=is To Channel: 1024
Tentative NID Library: C:\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1.000 kev
FPoak ROI ROX Poak Enerqgy Net Peak Neoet Area Continuum Tentative
No. Start End Centroid (koV) Aroa Gnoert. Counts Nuclide

3, 1s1i- 183 167.33 €62.96 333655.5 747.37

First peak in & multiplet region
Other peak in a multiplet region
Fitted singlet

rrors guoted at 1.000 sigma

12504.49 ceens

Dotesource

AL ot L

s
m
¥
L

First peak in a multipletr region
Other peak in a multiplet region
Fitrted singlet

rrors guoted at 1.000 sigma

1000 2000
KeV
vy DI Lolt Marker 152 SO0 6 heV PWHM. PWTM. 56208 101590 ke
Fiaht Markes 185 7392 hev Gavssian Ratle: 0530
[Prev] Contioid: 170 6727 ke RO Type: 1
Area. 200248 £023% ITmogral 206630
Peak Analysis Performed on: 10/04/72024 11: 49:57
Peak Analysis From Channel:
> k Analysis To Channel:
Tantative NID Library: L=X3 \GENXBZK\CLHPXL!B\BtdIﬁbz.nlb
Peak Match Tolerance i 1.000 kev
Peak RO ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Ax Uncert. Counts Nuclide
3 i1s2- ioe 169.72 €72.71 198431.2 591.82 si08.73 e

T ki)
2000

Flight Mark. 7352 eV Gaussion Mato. 1 006
Controi: 6701 hav ROV Yypa: 1
Avoa 15044 +026% Integrat 160608

Lot Markae 152 G006 kv PWHM, FW M. 54009 100 070 ket |

™M
i
¥
=

Peak Analysis From Channel:

Peak Analysis To Channel: 102
Tentative NID Librarx
Poak Match Tolerance 3 1.000 keVv

s Performed on: 10/04/2024 lllSQxQS

C:\GENIEZEK\CAMFILES\Stdlib2Z.nlb

Peak ROX ROI Poalk Enexrgy Neot Poak Neoet Aroa Continuum Teontative
No. Start End Centroid (kav) Area Uncerc. counts Nuclids

3 152~ i88& 16%.07 €70.07 1S54748.1 S12.14
= First peak in a multiplet region
= Other peak in a multiplet region
= ¥Firted singlet

rrors guoted ac 1.000 sigma

£859.83 I-132
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Avear 110089 10NN

idie | Channef: : 7471 Prenct: 0/0.00
Acquire 100
100
10
10 .
10
o 1000
. 596 5 haV

nwm W"‘ 55590, 100 958 b/
036

Peak Analysis Performed oni: 10/04/72024 12: 32 52
Peak Analysis From Channel:
Peak Analysis To Channel:
Tentative NID Library: CI\GENIEZX\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Peak ROTI ROTI Peak Energy Net Peak Net Areas Continuum Tentative
No. Start End Centroid (kaVv) Araa Uncert. Counts Nuclide
1 181~ i0s 1€0.585 €E€7.9€ l08¢&6n.4 445.93 4869.5¢ I-132
I-130
M = Firet peak in a multiplet region
im = Other peak in & multiplet region
F = Fitted singlet
Errors dquoted at 1.000 siama
661.6 keV Counts: 5645 enet .00
10t L
10
10"
10"
10° adl lm“h'.th dhsdd ¢ o 4
o 1000 2000
Ke\V

Peak Analysis Performed on:
Peak Analysis From Chann
Poak Analysis To Channe
Tentative NID Library:
Peak Match Tolerance @ 1.000 kev
Peoak Ro1 ROIX Poak
No. Start End Centroid

Energy
(keV)
1 182— 186

168.35 €67.15 809

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Exrrors aguoted at 1.000 siama

10/04/2024 12: 40339

LR

Net Poak Net Area

13 2
CI\GENIEZR\CAMFILES\Stdlib2.nlb

Continuum Tentative

Area Uncert. Counts Nuclide
€8.17 271.%4 3184 .82 I—-132
Sn-126

Datesource

PSR InS Loft Markes, 152 GOOE haV/
ight Maskes: 185 7051 keV

= Controid. 168 BE56 hoV/
Pren] Aima B0 2041%

FWHM, FWTM. 54515 101 316 ke
s sian SRR

Matio: 1
RO Type |
hﬁq!z#ﬂﬂ

MIIMmm...;.m_. s}
o 1000 2000

ak Analysis Performed on:

Peak Analysis To Channesl:
Tontative NID Library:

First peak in a multipletr region
Other peak in a multiplet region
Fictteod minglet

CEES
1

Errors gquoted at 1.000 sigma

10/04/2024 12: 47 11
Peak Analysis From Channel:

02
CI\GENIEZK\CAMFILES\Stdlib2.nlb

Peak Match Tolerance : 1.000 ke
Poak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncerxc. Counte Nuclide
1 182~ ies 169.23 €66.64 €2749.50 337.25 2801.50 sB-12¢
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' Ml‘lﬁhi A

o 1000 2000

A kol .

Datasource
[FievT) [Re=]

keV

| MARKER INFO
e
[Erev]

FWHM. FWTM, % 412103 140 heV/
1003

Peak Analys=is Performed on: 10/04/2024 12:54:53

Peak Analysis From Channel: 3
Poak Analysis To Channel: 1024
Tentative NID Library: CI\GENIEZR\CAMFILES\Stdlib2 . nlb
Peak Match Tolerance : 1.000 keV
Peak ROTI ROX Peak Energy Net Ak Net Area Continuum Tentative

No. Start End Centroid (keV) Area Uncert. Counts Nuclide
i 1S1-— 108 167.%a 865.45 47613.94 30S8.04 2488.06 sS8-126
M = First peak in a multiplet region

m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

e Chaonel: 6 keV Countn: 2676 set: m
10*
10°
10°
10" A L
10° b L
o 1000 2000
keV
Loft Masker 151 596.5 kol FWHM. FWTM. 55321100 401 hev/
Flight Markes 105 7051 kel Gaussion Matio 0996
Controit. 168 665.0 ke ROI Type: 1
| MAren: 37729 2 063% IMeanal 9950
Peak Analysis Performed on: 10/04/2024 13:03:01
2 k Analysis From Channel: 1
Poak Analysis To Channel: 1024
Tentative NID Library: CI\GENIKZEK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 1 1.000 kev
Peak ROI ROI Peak Enesgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koV) Azxea Uncert. Counts Nuclide
1 is1- 18s 167.82 €E4.96 37493.26 252.91 1456.74 aeaaa
M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlet

|Errors quoted at 1.000 sigma

A ke iyl e

2000
keV
Loft Markor 191 9965 eV FWHM. FWIM: 58452 93424 bV
Flight Markes: 104 731.0 eV Gaussian Ratio. 1002
Controid. 168 6630 hoV MO Type I
Aroa 32365 2 0%8% Intageat 33794
Peak Analysis Performed on: 10/04/2024 13:11:34
ak Analysis From Channel: 1
Peak Analysis To Channel: i02a
Tentative NID Librar CI\GENIEQR\CAMFILES\StdlibZ.nlb
Feak Match Tolerance @ 1.000 kev
Peak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncert. Counts Nuclide
i 1si- 184 1€7.52 €63.75 31876.18 257.09 1917.82 e

First peak in &4 mulctipletr region
©Other peak in a multiplet region
Fitted singlet

M
jmm
F
=

rrora gquoted at 1.000 sigma
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Tdie | Channel: 167 : 661.6 keV
uire P

Counts: 1914
e

Pn-u:g:&o

dlﬂuh

M"il fuied ‘l‘lu.’u‘l i L
2000

o 1000
oV
Loft Machos: 151 S96.5 bt FWHM. FW M 54121 99 625 ket
Fight Maskos: 1604 731 0 keV Gaussian Ratio: 1012
Conteoid 167 | 6831 heV RO Type 1
Area 26850 s OGax Intograt 20107
Poeak Analysis Performed on: 10/04/2024 14: 19553
Peoak Analysis From Channel:
Peak Analysis To Channel: 102
Tentative NID Library: C:\GENIE2KR\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 xeV
Peak ROI ROX Paak Enecqgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keoV) Area Uncert. Counts Nuclide
1 151~ 194 167.36 663.08 26811.91 222.84 1295.09 ceeaa
M = First peak in a multiplet region
m = Other psak in a multiplet region
P = Fitted singlet
Exrrors quoted at 1.000 sigma
L tate_|_cisnnet,dS7 . _S61.6 key Sounts; 1516 £r2ast 00,90
Acquire
10
10
10°
10!
|4 | )
il ot arhald g bt i
LA Nt
o 1000 2000
keV
MARKERINEQ Lot Markar 150 5325 ey FWHM, FWTM 58682 100057 Vet
Might Markes: 164 730k Gaussian fRatia: 0935
Controsd 167 G620 hev NON Type: 1
Asoa: 22812 +063% Integeal 23757 )
ak Analysis Peorformed on: 10/04/2024 1‘:26 45
Peak Analysis From Channel:
Peak Analys=is To Channel: 102
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb
Peaak Match Tolsrancs 1.000 ksVv
Peak ROIX ROIX Peak Energy Net Peak Net Area Continuum Tentactive
No. Start End Centroid (kav) Uncert. Counts Nuclide
1 150~ 184 167.186 €662.27 22908.80 198,10 848.20 cs-137
M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singletc
Errors quoted at 1.000 sigma
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DETECTOR 3"x3" - ESPECTROS VARIANDO LA DISTANCIA Na-22

Fitted singlet

{1
m
E
£

1000 2000
L
TEOO KAV FWHM. PWIM. TS0 136185 keY
1383 3 ke Gaussion Rato: 1004
1273 heV Ao ype 1
+ 0N Integial 160665 |
Peak Analysis Performed on: 10/048/2024 14:51:29
Peak Analysis From Channel:
Peak Analys To Channel: 02
Tentative NID Library [=£3 \Gznxzzx\cmrxus\sgaxibz nlb
Peak Match Tolerance 3 1.000 keV
Peak ROI ROX Peak Energy Net Peak Net Ares Continuum Tentative
No. Start End Centroid tkeaV) Area Uncertc. Counts Nuclide

i Zse- 341 314.8%5 1273.26 96249.05 13795.0€6 64416.59% RR-09

First peak in a multiplet region
Other peak in a4 multiplet region

rrors guoted at 1.000 sigma

1000
oo g Lol Marker 283 11650 hev PWHM, FW T nu\numw
Next | Flight Mackes 341 1363 3 hev Gauszian Rt
[Prev ] Contioid: 115 12752 hov Ol Type: 1
Arca 99530 2046% Integial 118980

Peak Analynil Performed
Analy:

D k Analysis
Tentative NID Libracys
Peaak Match Tolerance :

ak ROI ROXI Poak
©. Start End Centroid

1 289~ 381 318.32 1

ons: 11/04/2024 11: 07 33
From Channel:
To Channel:
<3 \GIHZ!QK\CM"X“S\B&GI ib2.nlb

1.000 Xxe
Energy Net Peak Net Area Continuum Tentatiw
(kaV) Araa Uncert. Counts Nuclide
27%5.22 as7988.01 $43.17 290€61.99 e

M = First peak in

a multiplet region

jm = Other peak in a mulctiplet region
¥ = Fitted singlet

Errora gquoted at 1.000 sigma

1 289~ 340 313.30 i2€6.76 72472.0% 749.73 18064 .91 feeaa
M = First peak in a multiplet region

Im = Other peak in a multipletr region

F = Fitted singlet

=

rrors guoted at 1.000 sigma

1000 2000
KeV
Loft Marker 283 11550 hev FWHM, FWTM 78636 141 050 ke
Might Marker 340 - 13707 beV Goussion Ratio: 093
Centroid 313 12668 ke ROl Type 1
Aswa 7000 % 047%
Peak An-ly-i- Performed on: 11/04/2024 11:24 20
020
Tentative NID Library: ©:\GENIEZK\CAMFILES\Stalib2.nib
Peak Match Tolerance 3 1.000 keV
Peak RO ROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Ax Uncerst. Counts Nuclide
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1000

Loft Markee 200 11600 kev
Rt Madkor 337 13664 heV Gaussian flatio. 0
Cuntrold. 313 17654 haV NOt Typa 1

Aroa BI5E2 =+ 04E% Intogeal. 71507

FWHM, PWTM: 78409, 142 270 ke
o9

Paak Analysis Performed on: 1170472024 11: 37 11

Peak Analysis

Poak Analysis
Tentative NID Library:
Peak Match Tolerance :

e ROI ROI Feak
No. Start End Centroid

i zZ88- 337 312.98

From Channel:

To Channel:
Cl\GBH!I?K\CM?ILBS\.:GILE‘Z nib
1.000 kev

Energy Net Peak Net Area <Continuum Tentative
(kaV) Area Uncert. Counts Nuclide
1265.40 62106.68 553.65 24G0.32 e

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

EEE]
[N

Errors guoted at

1.000 sigma

1 288~ 337

M = First peak in
Im = Other peak in
F = Fitrted singlet

Errors quoted at

Datasource TN TEN
[Fev] [Nes] o 1000 2000
eV
ot Loft Markor. 208 11605 heV FWHM. PWTM 70546 143 605 ke
| Next | Fight Marker. 337 1366 4 heV Gaussian Ratio: 0991
[Prev | Controid. 313 12660 ke RO Type 1
Atoa. 40888 20N Integral Ba7ES
Paak Analyul- Performed on: 11/04/2024 11: 47 57
Analys=is From Channel
Po-k Analysis To Channel: 103
Tentative NID Library: C:\GCENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 xev
Peak ROIX ROI Poalk Energy Net Peak Not Area Continuum Tentative
No. Start End Ceantroid (keV) Area Uncert. counts Nuclide

313.13 1266.01 4e361.12 464.23 6426.88

a multiplet region
a multiplet region

1.000 sigma

ldte Channel:
Acquire

Counts: 2061

RO Index:
Datssource

LT T |

MARKER INFO

(R
[Prev |

Flight Marker 333 13706 keV
Cuntrond

Lelt Murkor 26% 11650 eV PWHM, FWTM: 77 755 144 609 ke

Gaussien Ratio: | 020
Aron. 41245 s (085X

Peak Analyeis
Pea

First peak in
Oother peak in
Fitted singlet

CEE]
(AR

[Errors guoted at

Performed on: 12/04/2024 10: 15 19
k Analysis From Channel:

Poak Analysis To Channel: 102
Tentative NID Library: C:\Glﬂxtzk\cmrxxts\stdlxbz.nlb
Peak Match Tolsrance 3 1.000 xev
Peak ROI ROX Poak Enesqgqy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 289 338 313.19 12€6€.29 4 1.37 390.68 4309.63 csens

a multiplet region
a multiplet region

1.000 smigma
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152

RO Index:

v (e

MARKER INFO

(e
[vev]

Loft Markeor: 296 116800 koW FWHM, FWTM: 79 733, 142 350 haV
Bight Marker 230 13706 eV Goussian Matio: 0 980
Contrmid 313 12642 ke RO Type 1
Arma 2014 2 0BZ% Inegrat 36300

Foak Annly-x- Performed on:

12/04/2024 10: 2‘ ac
Analysis Prom ch-nnol'
Poak Analysis To Channe

Tentative NID Library:
¥eak Match Tolerance 1

1z 10
C:\GtNIlZR\CAHPXLES\StdlLBZ nlb
1.000 keVv

Peaak ROI ROT Poak Enerqgy Net Poak Net Area Continuum Tentative
No. Start End Centroid (kaV) oa Uncerct. Counts Nuclide
1 288~ 3389 3i2.70 1264.23 32593.67 360.60 3709.33 cmana
M = First peak in a multiplet region
jm = Other peak in & multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma
e Channel: 315 273.9 keV
10%
10
10
ROI Index: =35
Datasource 10" Aagih
[View] [ UGLISH NS L A L A S O AR AL 6 o s, IO 6 S5 I L LA IL .._.L-.'_!!ll.
ke
e © Lol Markec 290 11692 ke FWHM_ WM "!Gl TAZ N2V
Next | Tight Marker 338 13706 heV/ Gaussion Ratie:
E L M3 12647 ke not type 1
Area: 26850 067X totegial 29054
Peak Analysis Performed on: 12/04/2024 10:38:11
Peak Analysis From Channel: !
Peak Analysis To Channel: 102
Tentative NID Library: (=53 \GIN!IZK\CM'!L!S\S‘G].SBZ.nlb
Pesak Match Tolesrance @ 1.000 keaVv
Poak ROI ROX Poeak Energy Net Veak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. counts Nuclide
1 290~ 338 312.82 1264.73 26700.05 293.03 2353.95 ceene
M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet
Errors quoted at 1.000 sigma

Datasource
MARKE R INFO
[Next ]
[Prev ]

Peak Analysis Performed on: 12/04/2024 10144:29

Poak Analyeis From Channel:

Poak Analysis To Channel:
Tentative NID Library: (=23 \G!N!l:l\wr!l‘-l'\s!ﬂllbz nib
k Match Tolerance : 1.000 kev

Peak ROIX ROTI Peak Energy Net Peak Net Area Continuum Tentative
No, Start End Centroid (kev) Area Uncert. Counts Nuclide
1 289~ 337 312.46 1263.20 225%54.3S 264.12 1866.65 seasea
M = First peak in a multiplet region
Im = Orher k in a multiplet region
F = Fitted singlet
Errors quoted at 1.000 sigma




Controid. 313 12030 heV

FWHM. WM 00501 145 123 ke
Gaussian Hatio. 0953

ROt Typo 1

Itegrat 20246

Paak Analysi
Poak Analysi
Paak Analysis

s Performed on: 12/04/72024 11: DI o4

Tentative NID Library:

Peak Match Tolerance :

¥From Channel:
To Channel:

Cl\Gt"ttzR\CAHTXLtB\SedJin.nlb

1.000 kev

Peak ROI ROT Peak Energy Het Poak Net Area Continuum Tentative
No. Start End Centroid (keV) Ax Uncert. Counts Nuclide
1 288~ 338 312.63 12€2.93 1e518.70 252.14 1727.30 ceeaa
M = First peak in & multiplet region
m = Other peak in a multiplet region
¥ = Fictted singlet
Errors quoted at 1.000 sigma
15
10*
10
10*
Laetes | o
Datadaurce 10 suillesubbiidh|
| T | o 1000 2000
kev
: s Left Marker 283 11650 heV FWHM. FWTM 77 B18 143633 ke
Fught Masker 537 1356 4 kel Gaussian Ratio: 1 012
Contiokd. 313 12640 ke

Avos. 15895 2 068%

ROl Type 1
Intearsl 17347

Poak Analysis Performed
Analysis
k Analysis
Tentative NID Library:
Peak Match Tolerance @

Poak ROI ROI Poak
No. Start End Cantroid

1 289~ 337 312.65 1264.02 15946.39 226.33

on: 12/04/2024 xa-xa:;s

From Channel:

To Channel: 1 02

C:\GENIEZK\CAMFILES\Stdlib2.nlb
1.000 kev

Energy Not Poak Net Area Continuum Toentative
(keV) Arsa Uncert. Counts Nuclide

1400.61 veaaa

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlec

Errors quoted at 1.000 sigma
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DETECTOR 3"x3" -

ESPECTROS VARIANDO LA DISTANCIA

Co0-60 (1173,2 KeV)

Lot Markoo 267 10720 ke
Flight Markes: 313 12655 heV Gaoaussian Ratio:
Controid 200 11605 ke
Area. 246701 =035

Peak Analysis Performed on:

12/04/2024 11: l" 48
Peak Analysis From Channel:
Poak Analysis To Channel:

Tentative NID Librarcy

2
L= \GIN!‘?K\CMFXLES\SCGX&DQ nlik

= First peak in
= Other peak in
=

™
m.
L2
=

rrors guoted at

Psak Match Tolerance : 1.000 ke
Paak ROIX RO Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Area Uncert. Counts Nuclide
1 267~ 3123 2%0.08 1169.52 268755.2 21€64.75 180233.7 - -

Fitted singlec

a multiplet region
a multiplet region

1.000 =igma

201 1173.4 keV

Counts: 14614 Preset:

RO Index:

Datasource
1000

keV
INFO -

e Lolt Mok 267 1073 20ev EWHM. TWTM: 67503 113237 k¥

| Nes | Fight Madkes 314 12697 ket Gaussian Natio

e Contioid 291 1171 S b/ not Type 1

Cevev] Avoa V76074 2 043% Intogcal

Tontative NXD Library:

on: 12/04/2024 12: 08!1‘

From Channel:

To Channel: 1 2
CI\NGENIEZK\CAMFILES\Stdlib2.nlb

Feak Match Tolerance : 1.000 keVv
Peak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Srtart End Cenctroid (kaeV) Area Uncerc. Counts Nuclide
i 2867~ ERR 290.56 1171.54 195594.5 1924.89% 140163.4 e
M = First peak in a multiplet region
im = Other peak in a multiplet region
F = Fitted singlstc
Errors quoted at 1.000 sigma
29 173.4 keV Counts: 102
10
10
10%
10"
10
10
ke\V

Fight Masken 314 12697 haV
Cantiowd

FWHM_ WM. 67193713006 ket
mau‘ as3o

;200 ;11702 keV Nnot type: 1
Ao 120438 2 053% Integial E"Zﬁ

Lot Marker 267 10733ke

Peak Analysis

Paa

Paak RrROI rox
No. Start End

1 267- 314
First peak in

M -
m = Other peak in
F = Fitted singlet
£

rrors quoted at

ak

Tentative NID Library:
Peak Match Tolerance :

Performed on: 12/04/2024 15: 00:16
Analysis From Channel

k Analysie To Channel: 10
'-\cznx:zn\cnu?xnts\scdlibz nib
1.000 kev

Peak Enerqgy Net Peak Net Area Continuum Tantative
Centroid (kev) Area Uncert. Counts Nuclide
250.24 1170.21 135993.2 1612.91 e8132.74 “eeea

a multiplet region
a multiplet region

1.000 sigma
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201 1173.4 keV
—

Lott Markor 267 - 10733 ket FWHM, FwimM: u«l,nzsnw
Mot Marker: 714 12697 keV .mﬂ‘..
i 290 11697 keV RO Typw: 1
Area: G770 063N Intogral 173204

Peak Analysis Performed on: 13/04/2024 10:15:46
Poak Analysis From Channel: i

Poak Analysis To Channel: 1024
Tentative NID Library: C:\GENIEZR\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 keV
Peak ROX ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncerc. Counts Nuclide
by 267- 314 2%0.11 1169.€0 S85S6N.06 1405.00 74695.94 e

M = First peak in a multiplet region
jm =~ Other peak in a multiplet region
¥ = Fitted singlet

Errors gquoted at 1.000 sigma

Loft Markor 166 10692 heV FWHM. FWIM: 66551112972 ke
Nexa | Flight Marker 314 12697 keV Goussian Ratie 0931
[Prev | Contiokd 290 11600 eV NOt Tppe 1
Aroa: 54358 2 076% Intogeal 132605

FPeak Analysis Porformed on: 13/04/2024 10:29:1)
Peak Analysis From Channel:

Peak Analysis To Channel: 1024
Tentative NID Librazy: C:\GENIEZK\CAMFILES\Stdlik2Z.nlb
Peak Match Tolerance 3 1.000 xeVv
Peak ROI ROI Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Area uncert. counts Nuclids

1 266~ 314 289.72 11€8.03 72611.77 1271.27 €0193.23 cs-134

First peak in a multiplet regicn
Other peak in a multiplet region
Fitted singlet

EEE]
(AN

Errors quoted at 1.000 migma

91 1173.4 keV

Poeak Analysis Porformed on: 13/04/2024 10:42:23
Paak Analysis ¥From Channel:
Poak Analysis To Channel:

Tentative NID Library: <z \G!NIIZK\CMFXLE.\BEQI&D? nib

Feakx Match Tolerance 1 1.000
Feak ROI ROI FPeak Enexrgy Net Peak Net Area Continuum Tentative
No, Start End Centroid (keV) Araa Uncert. Counts Nuclide

i 266~ 314 289.72 11€8,.01 56750.52 1143.66 48856.489 cs-134

M = Firsu peak in a multiplet region
im = Other poak in multiplet region
y =
B

Fitted singlec

rrors gquoted at 1.000 sigma




| tdte | Channet;
Acquire

Peak Analysis Performed
Peak Analywias
Poak Analysis

Tentative NID Library:

Poak Match Tolerance 1

Peak ROI ROI Feak
Na. Start End Centroid

on: 13/04/2024 10: 55 3a

From Channel:

To Channel: )024

CI\GENIE2K\CAMFILES\Stdlib2.nlb
1.000 keV

Energy Net Feak Neot Are. Continuum Tentative
(keVv) Area Uncert. Counts Nuclide

M = First peak in
im = Othexr peak in

A 266~ 314 289.59

1167.48 45382.04 1026.16

35228.16 Cc8-134

& multiplet region
a multiplet region

F = Fitted singlet

Errors quoted at

1.000 sigma

1 266— 314

First peak in
Other peak in

EEE]
e

Errors gquoted at

Idie Counts: 3093 Prosot:
"
o 1000 2000
keV
MARKE R INI
g (e Loft Makor 266 10692 keV FWHM, FWTM “ﬁ 109815 ke
Next l Flight Marker 314 12697 hoV Gaussian ftatio:
Eﬁ' Contiuid 289 11670 heV AOl Type 1
Arma 20057 4 ) 00 Intogeal LIS
Peak Analysis Performed on: 13/04/2024 11:33:23
k Analysis From Channel: 1
Peak Analysie To Channel: 1024
Tentative NID Library: CI\GENIE2R\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Paak ROI ROX Paak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (koVv) Area Uncert., Counts Nuclide

Fitted minglet

289.48 1167.03 38626.87 e17.49 31278.13 cs—-134

a multipler region
a multipler region

1.000 sigma

ldle | Chaonnel: 291

S 1173.4 keV

Preset: .00

FWHM, FWTM 56819 111 §93 ke
Gaussian Matio: 0917

ROt Tppe: 1

Intearsl 54725

Contioid. 209 11652 ke
Arsa: 27320 2114%

Peak Analysis Performed on:

13/04/2024 11 x24t42

Peak Analyeis From Channel

Peak Analysis To Channel:

1024

Feak ROI ROI
No. Start End

3 265~ 313
First peak in

M =

im = Other peak in
¥ = Fitted singlec
®

rroras guoted atc

Tentative NID Library:
Peak Match Tolerance 3

C:\GENIEZK\CAMFILES\Stdlib2.nlb
1.000 xeV

oalk Energy Net Peak Net Area Continuum Tentative
Centroid (kaV) Area Uncert. Councs Nuclide
289.04 1165.17 30€49.17 803.68 2407S5.83

& multiplet region
a multiplet region

1.000 sigma
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HOI Index:
- .
Datasource
(T T |
- INFO
il Lot Markor: 265 10650 ke PWHM. PWIM. 65657 112406 ke
[[Nexa | Flight Matkes 313 12655 het Gaussian Ratio: 0933
[Prev] Controid: 299~ 11650 keV/ NO Type: 1
Ama 23242 #123% Integral 46235

Feak Analysis Performed on: 13/04/2024 11: 54 53
Poak Analysis From Channel:
Peak Analysis To Channel:

Tentative NID Library: = \c:nxtzn\caurxn:s\azalLbz nlib

Peak Match Tolerance : 1.000 ke
Peak ROI ROI Foa Energy Net Peak Net Area Continuum Tentative
No. Start End C.ne:otd (keV) Area Uncert. Counts Nuclide
1 265~ 313 289.01 1165.05 24521.83 761.54 21713.17 “eeae

M = Firet peak in a multiplet region
jm = Other peak in a multiplet region
F = Fitted singlet

Errors gquoted at 1.000 migma

| idie | Channel:

Sovnziaza) £izacs. o000

Markes: 266 1069 2 keV FWHM, FWTM: 66223 109 430 heV
Fight Markar 314 12697 haV Gauxsion Ratio: 0906
Contiond: 250 11672 ket HOI Type: 1
Aron 17947 21 53% Intoarel 40629

Peak Analysis Performed on: 13/04/2024 12: 04 56
Peak Analysis From Channel:

Poaak Analysis To Channel: 102
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Poak Match Tolerance : 1.000 xeVv
Peak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncerxt. Counts Nuclide
1 266~ 3145 289.51 116€7.16 21136.50 723.93 19491.60 cs~134

= First peak in & multiple: region
m = Other peak in & multiplet region
- Fitted singlet

Errors quoted at 1.000 sigma




DETECTOR 3"x3" - ESPECTROS VARIANDO LA DISTANCIA

Co-60 (1332,5 keV)

Luft Markue 306 12361 kv FWHM, FWTM: 63535 116417 koW
Might Marker: 354 - 74362 keV Gaussion Ratio: 0905
[ﬁ"—v] Controid. 329 1331 BV AOL Type
Aroa 194762 sOM1% Intagrat 370056
Peak Analysis Performed on: 12/04/2024 11:%4:03
Peak Analysis From Channel: 1
Peak Analysis To Channel: 1024
Tentative NID Library: CI\GENIEZE\CAMFILES\Stdlib2.nlb
Peak Match Tolerance : 1.000 kev
Paak ROX rROX Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Areca Uncert. Counts Nuclide
1 306— 354 3268.78 1331.79 233116.5% 1908.863 13773%.4a cCo-60

First peak in a multiplet region
Other peak in a4 multiplet region
Fitted singlet

=
m
L3
L3

rrors quoted at 1.000 sigma

Datasource

MARKER INFO

Mukos: J06 12361 koW PWHM, FWTM: 70504 115 947 keV

1438 2 eV Gaussian Ratio. 0302
1332 7 kv Bt Typm |
Aroa 134500 = 0852% Intoarat.

on: 12/04/2024 12: 11 i3
From Channel:
Peak Analysis To Channel:
Tentative NID Librarcy: c:\ctuxxax\cmrxx.ta\scalibz nlk

Peak Match Tolerance : 1.000 kev
Peak ROI ROTI Peoak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Arxea Uncert. Counts Nuclide

i 306~ 354 328.9599 1332.70 166769.7 1678.91 107100.2 CO-60

First peak in & multiplet region
Other peak in a multiplet region
Fitted singlet

ad
m
1
E

rrors gquoted at 1.000 sigma

__Datssource
Preyv | Nt l
TN INED Lot Macko 306 12361 eV EWHNC P TM: 70T, VIS Te R
| Next | Flight Markor: 354 14382 heV Gaussian Natio;
== Controid 323 1331 2 k¥ ROT Typn 1
[erev] Aron G946 20575 Iotograk 167142

2 Performed on: 12/04/2024 15506 53

Peak Analysis
Poaak Analysis
Tentative NID Library:

From Channel:
To Channel: 102
(=43 \GEN:EQK\QWmS\S:dlbe nlb

First peak in a multiplet region
Other peak in a multiplet region
Fitted singlet

EEES
(RN

Errors quoted at 1.000 sigma

Paak Match Tolerance : 1.000 keVv
Peak ROI ROI Paak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kav) Axrea Uncert. Counts Nuclide
ES 306- 354 328.€4 13331.22 121042.5 1318.01 6€6099.45 sesas
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ﬂsl .l :132.: keV Cgunh: H974 m et u.ss
104 I
10"
10
!
?olncnc o
Datasource 10"
X | i 15109 16 L1590 0.0 L. L9 L9000 L0 L L LA
MARIERINED Lot Marker 309 1231 8KeV FWHM. FWTM. 71005 117499 ke
Fight M 354 14382 keV Gaussian Hatio: 0907
| Controid: 520 15290 ke N Type: 1
Aren: BARIS !qm Antegeal 137565 |

Poak Analysis Performed on: 13/04/2024 10:21:00
Peak Analysis From Channel: 1
Peak Analysis To Channel: 1024
Tentative NID Library: C:\GENIE2K\CAMPFILES\Stdlib2.nlb

Peak Match Tolerance : 1.000 keV
Peak ROIX ROX Poak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid {kaV) Area Uncert. Counts Nuclide
1 305~ 354 320.12 1329.01 03445.27 1195.53 54119.73 e

M = First peak in a multiplet reglon
m = Other peak in a multiplet rsgion
¥ = Fitted singlet

Errors cuoted at 1.000 siama

Datasource
Trev] [We=T]
INFO —
- Lot Maskor: 305 1231 9 kv FWHM. PWTM. 71 506, 110 354 ke
E“l Fight Markes 355 14424 kv Gaussian Habie: 0908
EEEE] Controid. 320 . 13279 heV NOt Type. 1
Ao 51454 s 0Bax Integeal 104305

Peak Analysis Parformed on: 13/04/2024 10:35:14
Peak Analysis From Channel: 1

Poak Analysie To Channel: 1024
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2.nlb
Peak Match Tolerance 3 1.000 keV
Peak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
Noe. Start End Centroid (kaV) Areas Uncert. Counts Nuclide
i 305~ 355 327.886 1327.91 64975.53 1018.9%6 39333.47 B

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

E

rrors guoted at 1.000 sigma

Left Marker 304 12278 ke FWHM, FWITM: 71125 114129 ke
Fioht Markar 354 14382 koW Gaussian fatio: 0060
Contioid 327 13251 haV/ AOL Type: 1
Aroa: 643 2 0% Intogral 54475

Poak Analysis Performed on: 13/04/2024 10:47:58

Peak Analysis From Channel: i
Peak Analys=is To Channel: 1024
Tentative NID Library: CI\GENIEZK\CAMFILES\Stdlib2 . .nlb
Peak Match Tolerance 1.000 kev
aak ROI ROIX Poak Energy Net Poak Net Areoa Continuum Tentative
No. Start End Centroid (kaVv) Araa Uncert. cCounts Nuclids

1 304~ 354 327.42 1326.06 48804.63 972.95 35670.37 sSB~124

= First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlecx

w8 Z

Errors guoted at 1.000 sigma




| tdle | Channel; 329 1332.7 keV Counta: 2955 Proset:
Acquire 300
10
10°
10
Dat urce 10"
BieG St JLISLIGE B0 A L1 LG LI . AL L0 AL L LA 0 5 A A I IOL L 08 I L A
(ar e -
MATISER.INED: Loft Madker: 304 12278 ke FWHM, PWTM. 72593114252 hett
[_Next | Fight Maddker 154 1438 2 ke Gaussion Ratio: 0 053
[1‘;2] Cantiont 327 13256 ke RO Yype
Avea: 20130 =0 22% Intogeal  GE504
Peak Analysis Performed on: 13/04/2024 11: 01:33
Poak Analysis From Channel:
Poak Analys To Channel:
Tentative NID Library: C: \GSNXEZK\CAHPXLBB\B!dI£b2.nlb
Poak Match Tolerance 1 1.000 keovV
Peak ROI ROI Peak Energy Net Peak Net Area Continuum Tentative
No. Start End Centroid (keV) Area Uncert. Counts Nuclide
1 304~ 354 327.31 1325.6€0 40429.98 e34.22 2€174.02 sp-124
M = Firsr peak in a4 multiplet ragion
m = Other peak in a multiplet region
¥ = Fitted singlect
Errors quoted at 1.000 sigma
Datasource
o 1000 2000
KoV
sty Rpo Loft Maker 304 122780V FWHM, FWTM.  70.451, 114 S00 keV/
[[Nesa | Right Marker 151 | 14340 keV Gaussian Watio: 0 655
[Prev ] Conteoid: 327 | 13249 eV AOI Type 1
Aoshe SV S10% W W
Peak Analysis Performed on: 13/04/2024 11: 15 25
Peak Analysis From Channel:
Poak Analysis To Channel: 102.
Tentative NID Librarcy: CI\GENIE2E\CAMFILES\Stdlib2.nlb
Peoak Match Tolerance : 1.000 kev
Peak ROI ROX Peak Enecrgy Net Peak Net Area Continuum Tentative
No. Start End Centroid (kev) Aroca Uncert. Counts Nuclide
1 304 353 327.13 1324.86 32974.45 T765.82 22261.56 KR-89
sSB-124
M = First peak in a multiplet region
Im = Other peak in a multiplet region
¥ = Fitted singlet
Errors gquoted at 1.000 migma

Laft Markar: 303 12236 koW FWHM, PW T am 112 660 kaV/
[ Next | Right Marker 352 14298 keV Gaussian Ratio:
[Pl Controwd: 337 - 13225 keV/ ROV Vype: 1
Asca 10153 21 60% Intagral 43947

onz 13/04/2024 11: 30:10
From Channel:
Peak Analysis To Channel: 02
Tentative NID Library: C:\GENIE2K\CAMFILES\Stdlib2.nlb

Peak Match Tolserance 1.000 kev
Peak ROI ROIX Poak Enercrqgy Net FPeak Net Area Continuum Tentative
No. Start End Centroid (kaVv) Area Uncert. Counts Nuclide

i 303~ 382 326.58 1322.S53 24332.31 720:27 19613.69 cesee

- First peak in a multiplet region
= Other peak in a multiplet region
= Fitted singlet

CER3

Errors gquoted atc 1.000 sigma
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Idie Channel:

Acquire

[PevT) [N
MARKER DO: Lelt Markor 304 1227.8 ke FWHM, FWTM. 70616113 623 ket
[ Nesa | Fright Marker. 154 1438 2 ket Goussion Ratie 0500
[Brev] Contrond 327 13245 ke AOL Type )
Avea: 172 2151x Integial

srformed on: 13/04/2024 11:5%:10
From Channel: 1
To Channel: 1024
CI\GENIEZK\CAMFILES\Stdlib2.nib

i 304~ 354 327.04 1324.46 2234€.11 617.13 14444.89 KR-8§

M = First peak in a multiplet region
m = Other peak in a multiplet region
F = Fitted singlet

Errors quoted at 1.000 sigma

Peaak Match Tolerance : 1.000 kev
Paak rOI RO Peak Energy Net Paak Net Area Continuum Tentative
No. Start End <Centroid (keV) Axea Uncert. cCounts Nuclide

Datasource
APERIN MRS Lot Markor 907 12236 haV FWHM, FWTM. 67 742, 112 901 keV
[ Nexa | Flight Marker, 352 14290 ke Goussian Ratio: 0914

Contiokd: 27 10224 eV ROl Type: 1
Avea: 13011 =1.94% Integial.

Performed on: 13/04/2024 12:09:10

M = First peak in a multiplet region
m = Other peak in a multiplet region
¥ = Fitted singlet

[Errors quoted at 1.000 sigma

k Analysis From Channel: i
Poak Analysis To Channel: 1024
Tentative NID Library: C:\GENIEZ2K\CAMFILES\Stdlib2.nlb
Paak Match Tolerance : 1.000 kev
Peak ROI ROI Poak Energy Net Paak Net Area Continuum Tentative
No. Start End Centroid (kaV) Area Uncert. Counts Nuclide
i 303~ 382 32€.54 1322.38 181€9.38 €20.14 14853.62  .....
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