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 ɣ-e- Coincidences with Silicon and Scintillator detectors 

From the large experiments carried out in facilities such as CERN, GSI and RIKEN, to those carried out with 
smaller accelerators such as CMAM or CNA have something in common, their objective is the detection of 
radiation either as particles or photons. The objective of this practice is to study the detection of these two 
types of radiation using the most appropriate detectors for them. In addition, the different types of 
electronics necessary for each detector will be compared and the coincident detection of electrons and ɣ 
radiation emitted by  𝐵𝑖!"#  and 𝑁𝑎!!  sources will be studied to obtain their decay scheme. 

Introduction  

Decay Scheme!

! "!"#$%&'#(")" "#$"%"&'%()#*%+"',(',$,-.%.#/-"/0"%++".),".'%-$#.#/-$"/**1''#-&"#-"%"'%2#/%*.#3,"
2,*%4"%-2")/5".),$,".'%-$#.#/-$"',+%.,"./",%*)"/.),'6".),"/7.,-.#/-"/0".),$,"$*),8,$"#$"*'1*#%+"./"
.,$."-1*+,%'"$.'1*.1',"8/2,+$9"!"2,*%4"$*),8,"1$1%++4"#$".),"',$1+."/0"8%-4"()4$#*%+"('/*,$$,$"%-2"
',:1#',$"%-%+4;#-&"81+.#(+,".4(,$"/0"'%2#%.#/-9"<-".)#$"('%*.#*,6"5,"5#++"$.124".5/"2,*%4$"%-2".)'/1&)"
.),8"0/1'"('/*,$$,$=">+,*.'/-"?%(.1',6"<-.,'-%+"*/-3,'$#/-6"@,.%"2,*%4"%-2"A%88%">8#$$#/-9""

"
 

Transmutation: Beta decay vs Electron Capture!
!
@/.)&*"+$&!"#$%&%-2&,-"#+./0&1$2+3."&4,516"#-3/+3,"%"-1*+,/-" ,B(,'#,-*#-& "%".'%-$0/'8%.#/-"

./".),"/.),'".4(, 9"<0"%"*)%'&,2"(%'.#*+,"%-2"%"*/'',$(/-2#-&"-,1.'#-/"%',",8#..,2"./"8%#-.%#-"*)%'&,"
%-2"8/8,-.18"*/-$,'3%.#/-6".),"('/*,$$"#$"*%++,2"C! "D! ! " # $ %! $ &E"/'"C"##D# " ' ! ! $ %" $ &(E9"
<0"%-",+,*.'/-"0'/8".),"#--,'"%./8#*"$),++"#$"%7$/'7,26".'%-$0/'8#-&".),"('/./-"#-./"%"-,1.'/-6"%-2"
,8#..#-&"F1$."%"-,1.'#-/".),!('/*,$$ "#$"*%++,2">?",+,*.'/-"*%(.1',"D '! ! $ %" " # $ &E9"

"
G),$,"2,*%4$"%',"%++",B/.),'8#*"('/*,$$,$"5#.)"%-"%$$/*#%.,2":1%-.#.4"/0",-,'&4"%3%#+%7+,"./"

7,"',+,%$,26".),"HI3%+1,9"<-"7,.%"2,*%46".),"',+,%$,2",-,'&4"#$"$)%',2"7,.5,,-".)',,"2,*%4"('/21*.$6"
5)#+,"#-">?6"/-+4"7,.5,,-".5/".)1$".),"8/8,-.18"/0".),"2%1&).,'"-1*+,1$"%-2".),"-,1.'#-/"5#++"7,"
0#B,29"<-"7/.)"*%$,$6".),"2%1&).,'"-1*+,1$"*%-",#.),'"(/(1+%.,"#.$"&'/1-2"/'",B*#.,2"$.%.,$6"#0".),"+%..,'"
#$".'1,"%"2,,B*#.%.#/-"('/*,$$"5#++"0/++/59""

Deexcitation: Gamma Radiation vs Internal Conversion  !

! "7$))$&.$%"#$"%")#&)I,-,'&4"()/./-",8#..,2"74"%-",B*#.,2 "%./8#*"-1*+,1$"%$"%"8/2,"/0"2, I
,B*#.%.#/-"./"%"+/5,'",-,'&4"$.%.,6"80+".0$-&#/09".'8/0&4:16&"#$"%-"%./8#*"2,*%4"8/2,".)%."-/'8%++4"
*/8(,.,$"5#.)"&%88%"2,*%49"G),"8%#-"2#00,',-*,"#$".)%.".),"+%..,'"*%$,")%((,-$"/-"%-"%./8#*"D-/."
-1*+,%'E"$*%+,6".),"%./8",F,*.$"%-",+,*.'/-"0'/8"%-"#--,'"$),++"%-2".),")/+,"+,0."#$"0#++,2"74"%-",+,*.'/-"
0'/8"%-"1((,'"$),++"',+,%$#-&"%-"JI'%4"()/./-9 """

"
<-".)#$"+%7/'%./'4"$,$$#/-6"5,"5#++"$.124".),"2,*%4$"/0"K%$$#DC! #L"ME"%-2"@#$%&"D>?"L<?E9"@,+/5"5,"

*%-"$,,".),"2,*%4"$*),8,$"0/++/5,2"74",%*)"'%2#%.#/-"$/1'*,9"
"
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"
"

"

Detectors 

Photon detection 

G/"2,.,*."%"()/./- 6"#."81$.".'%-$0,'"(%'."/'"%++"#.$",-,'&4"./"%-"%7$/'7,-."8%.,'#%+6".)#$"*%-"7,"
2/-,".)'/1&)".)',,"8%#-"8,*)%-#$8$ ="()/./,+,*.'#*",00,*.6"?/8(./-"$*%..,'#-&"%-2",+,*.'/-"(%#'"
('/21*.#/-"D#0".),"()/./-",-,'&4"#$")#&)",-/1&)E9 "

G/"2,.,*."M"'%2#%.#/-6"5,"5#++"1$,"'#80+8--$+8/0&!"+"#+/.'9"!"$*#-.#++%./'"#$"%"8%.,'#%+".)%.",B)#7#.$"
+18#-,$*,-*,6".)#$"8,%-$".)%."#."5#++",8#."%"+#&)."(1+$,"/0"%"*)%'%*.,'#$.#*"5%3,+,-&.)"#-".),"3#$#7+,"
$(,*.'18"5),-"#/-#;#-&"'%2#%.#/-"(%$$,$".)'/1&)"#.6".),"%8/1-."/0",8#..,2"+#&)."5#++"7,"('/(/'.#/-%+"
./".),",-,'&4"/0".),"#8(#-&#-&"&%88%"'%49"N,"$(,%O"/0"%"$*#-.#++%.#/-"2,.,*./'"5),-"5,"%..%*)"%"
$*#-.#++%.#-&"8%.,'#%+"./"%"+#&)."$,-$/'6"$1*)"%$"%"()/./81+.#(+#,'".17,"DPQGE"/'"%"()/./2#/2,9"G),"
()/./81+.#(+#,'" %7$/'7$" .)," +#&)." ,8#..,2" 74" .)," $*#-.#++%./'" %-2" ',I,8#.$" #." %$" ,+,*.'/-$" 74" .),"
()/./,+,*.'#*" ,00,*.6"%-2".),-"*%1$,$" .)," ,+,*.'/-$" ./"81+.#(+4"#-"%"*%$*%2," /0"24-/2,$"%.")#&),'"
,+,*.'#*%+"(/.,-.#%+6".)1$"('/21*#-&"%-",+,*.'#*%+"*1'',-.9"

"
;873."&<9"R*#-.#++%./'"*'4$.%+"5#.)"()/./81+.#(+#,'"%..%*),29"
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"

Electron detection 

G/" 2,.,*." *)%'&,2" (%'.#*+,$"5," 5#++" 1$,")3-+8='"7)"0+"!& '8-8#/0& '")8#/0!3#+/.& !"+"#+/.'&
4>???>66".)%."#$6".),"8,.%++#*"*/-.%*.$".)%."*/++,*.".),"*)%'&,"('/21*,"%"$,&8,-.%.#/-"#-".),"0/'8"/0"
#-2,(,-2,-.")/'#;/-.%+"%-2"3,'.#*%+"$.'#($"/0"SBTU")) #6"0/'8#-&"%"(#B,+%.,2"$1'0%*,".)%."%++/5$"1$"
./"O-/5".),"(/#-."%."5)#*)".),"(%'.#*+,")#.$".),"2,.,*./'9"G),"2,.,*./'")%$"%-"%*.#3,"%',%"/0"TUBTU"
)) #6"#."#$"2#3#2,2"#-./"VW")/'#;/-.%+"%-2"VW"3,'.#*%+"7%-2$"#-".),"0'/-."%-2"',%'",+,*.'/2,$6"5#.)".),"
$1'0%*,"/0",%*)"(#B,+"7,#-&"SBS")) #9"

!
!
"
"
"
"
"

!
!
&
&

;873."&@A"X/17+,"R#2,2"R#+#*/-"R.'#("X,.,*./'"DXRRRXE"$*),8,9"

Objectives 

" G),"8%#-"/7F,*.#3,"/0".),"+%7/'%./'4"('%*.#*,"#$"./" /7.%#-".),"2,*%4"$*),8, "/0"
$%&@#"%-2"$$K%"0'/8".),"8,%$1',8,-."/0".), "'%2#%.#/-",8#..,2"74".),"$/1'*,9"

Y/'".)#$"(1'(/$, 6".),"2,.,*./'$"1$,2"./"8,%$1',".),"2#00,',-.".4(,$"/0"'%2#%.#/-"%$"5,++"%$"
.),",+,*.'/-#*"*/8(/-,-.$"%-2"$/0.5%',"1$,2"0/'"2%.%"*/++,*.#/-"5#++"7,",B(+%#-,2"#-"2,.%#+9"R,3,'%+"
$,.$"/0"8,%$1',8,-.$"5#++"7,"*%''#,2"/1."5#.)"2#00,',-."*/-0#&1'%.#/-$9"G),$,"2%.%"5#++"7,"%-%+4;,2"
74" .)," $.12,-.$" %-2" 7/.)" .)," */-*+1$#/-$" /7.%#-,2" %-2" .)," 2,.%#+,2" %-%+4$#$" ('/*,$$" 5#++" 7,"
#-*+12,2"#-".),"&+/7%+"',(/'.9"

Electronic chain!
!

G),"/7F,*.#3,"/0".),",+,*.'/-#*"*)%#-"#$"./"$)%(,".),",+,*.'/-#*"$#&-%+"*/8#-&"0'/8".),"2,.,*. /'$"
#-" /'2,'" ./"7," ('/*,$$,2"74".),"X%.%"!*:1#$#.#/-"$4$.,8"DX!HE9"<-".)#$"('%*.#*%+",B,'*#$,6"5,"*%-"
2#$.#-&1#$)"7,.5,,-""0".7%&'870$-"5)#*)"#-*+12,$"%++".),"#-0/'8%.#/-"%7/1.".),"'%2#%.#/-"2,.,*.,26"
%-2"+.877"."$#&-%+".)%."5#++"7,"('/*,$$,2"0%$.,'"#-"/'2,'"./"2,.,*."('/(,'+4".),",-,'&4"$#&-%+9"!"$*),8,"
/0".),"(%.)".)%.".),",+,*.'#*"$#&-%+$"5#++"&/".)'/1&) "*%-"7,"0/1-2"#-"Y#&1',"S9"
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!
!

;873."&BA"R*),8,"/0".),",+,*.'/-#*"*)%#-"/0".),",B(,'#8,-.9 !

G), ",+,*.'/-#* "8/21+,$".)%."5#++"7,"1$,2"#-".)#$",B,'*#$,"D$,,".),"C$+".8$-' &$,*.#/-E"%',="

V9! D."$)2-8E8".="!8(+#0#,$".),"5,%O"$#&-%+$"*/8#-&"0'/8".),"2,.,*./'6".),4"%',"-/'8%++4"8/1-.,2"
%$"*+/$,"%$"(/$$#7+,"./".),"2,.,*./'"./"8#-#8#;,",-,'&4"+/$$,$"/0".)#$"5,%O"$#&-%+$"#-".),"*%7+,9"

Z9! F)2-8E8".A"!8(+#0#,$".),"$#&-%+"('/3#2,2"74".),"(',%8(+#0#,'"%-2"$)%(,$"#."#-"%"5%4"*/-3,-#,-."
0/'"01'.),'"('/*,$$#-&6".)#$"#$"*'1*#%+"./"%3/#2"(#+,I1("$)%(#-&"%.".),",-2"/0".),"$#&-%+9"

S9! 1/0'+$0+&E.$#+8/0&!8'#.8)80$+/.A&[,*,#3,$".),".#8,"D0%$.E"$#&-%+"%-2".'%-$0/'8$"#."#-./"%"+/&#*"
D$.,(E"$#&-%+6".)%."5#++"7,"01'.),'"1.#+#;,29"

\9! G/78#&308+'A&?%-"(,'0/'8"81+.#(+,"+/&#*"/(,'%.#/-$"D!KX6"][6"999E6",8(+/4,2"./"2,0#-,".),"
*/-2#.#/-$"0/'".),"&%.,"

T9! H$+"&H"0".$+/.A&P'/3#2,$"%"+/&#*"$#&-%+"/0"%"2,.,'8#-,2"21'%.#/-"%-2"0',:1,-*4"5#.)"5)#*)"./"
&,-,'%.,".),"%*:1#$#.#/-".'#&&,'9"

W9! C3-+8#($00"-&$0$-%I".A&Q1+.#*)%--,+"!-%+4;,'$"DQ?!$E"%',"5/'O)/'$,"#-$.'18,-.$"#-"8%-4"
$*#,-.#0#*"8,%$1',8,-.$9"!-"Q?!"%-%+4;,$"%"$.',%8"/0"3/+.%&,"(1+$,$"%-2"$/'.$".),8"#-./"%"
)#$./&'%86"/'"^$(,*.'18_"/0"-187,'"/0",3,-.$6"3,'$1$"(1+$,I),#&).6"5)#*)"8%4"/0.,-"',+%.,"./"
,-,'&4"/' ".#8,"/0"%''#3%+9""

J5! F0$-/7&+/&>878+$-&1/09".+".&41F,K =LJMN6A&?/-3,'.$".),"#-0/'8%.#/-"/0"%-"%-%+/&#*"$#&-%+"#-./"
%-",:1#3%+,-."2#&#.%+"-187,'9&

M5! 1($.7"&80+"7.$+/.&>878+8I".&4C>DD<O=P>16A&?/-3,'.$".),"$#&-%+"0'/8".),"2,.,*./'"./"2#&#.%+9&
Q5! CGL1A&R,-2$".)," 2#&#.%+#;,2"#-0/'8%.#/-"./".),"*/8(1.,'9 &

Materials 

V9! A!AA"R*#-.#++%./'"2,.,*./'$9"
Z9! XRRRX"%-2"P!X"R#+#*/-"2,.,*./'$"#-"G,+,$*/(,"*/-0#&1'%.#/-9"
S9! ]$*#+/$*/(,9"
\9! Q`a I\"`#&)"a/+.%&,"R1((+4"
T9! a%*118"*)%87,'9"
W9! P', I%8(+#0#,'$="QR<Ib6"QP[IVW9"
c9! !8(+#0#,'$="RGQIVW9"



 
 
 

   
   

 

Máster interuniversitario en Física Nuclear 2022-2023 

 

5 

b9! QXPPIVW"HX?"%-2"?!>K3cbT"X#&#.#;,'$"%-2"!X?$9"
d9! Qae?"?/-.'/++,'9"
VU9!QaQ>"Q,$4.,* "!*:1#$#.#/-"R/0.5%',9"
VV9!Y%-"<-fY%-"]1."g-#.6"SIY/+2"e/&#*"1-#."%-2"A%.,"h"X,+%49"
VZ9!VW"?`"?/-$.%-."Y'%*.#/-"X#$*'#8#-%./'9"
VS9!$%&@#"%-2"$$K%#' %2#%.#/-"$/1'*,"

Laboratory Procedure 

V9! R,.1("R#+#*/-"%-2"$*#-.#++%./'"2,.,*./'$9"

Z9! R,.1("%-2".,$.".),",+,*.'/-#*$"%$$/*#%.,2"./"7/.)".4(,$"/0"2,.,*./'$9 "

S9! Q,%$1',".),"'%2#%.#/-".)%."5,"5#++"1$,"./"*%+#7'%.,"/1'"2,.,*./'$9"

\9! $%&@#"'%2#%.#/-"$/1'*,"8,%$1',8,-.$9"

Laboratory Report 

G),"',(/'."/0".)#$"('%*.#*,"81$."#-*+12,".),"0/++/5#-&="

I! X,.%#+,2"*/8(%'#$/- "7,.5,,-"%-%+/&#*"%-2"2#&#.%+",+,*.'/-#*$9"

I! <2,-.#0#*%.#/-"%-2",B(+%-%.#/-"/0",%*)"$#&-%+"('/*,$$,2"D,-,'&4"%-2".'#&&,'E"$.,("74"
$.,("0'/8"2,.,*./'"/1.(1."./" %*:1#$#.#/-"$/0.5%',"#-(1.9"

I! !++".),"$(,*.'%"*%+#7'%.,29"

I! !-%+4$#$"/0",%*)"$(,*.'%"/7.%#-,2"0/'",%*)"2,.,*./'"%-2"(%'.#*+,"D%+$/"ME9"

I! ?/#-*#2,-*,$"$.124"7,.5,,-".),"2#00,',-."2,.,*./'$"%-2"Z2 I)#$./&'%8$"(+/.$9"

I! <2,-.#0#*%.#/-"%-2" ()4$#*%+" ,B(+%-%.#/-"%7/1." .)," '%2#%.#/-" ,8#..,2"74"$%&@#"$/1'*,9"
N)%."5,"$,,"#-"/1'"$(,*.'%i"N)%."5,"$)/1+2"$,,"%-2"#.j$"-/."(',$,-."#-"/1'"2%.%i"
>B(+%#-"#-"2,.%#+".),"2,*%4"/0"$%&@#9"

Reports!

!++"',(/'.$"81$."7,"$,-."./= "8%$.,'9-1*+,%'k#,89*08%*9*$#*9,$"!
Y/'":1,$.#/-$"4/1"*%-"5'#.,"8,"./=" 3#*,-.,9&%'*#%k*$#*9,$"
"

References 
V9"l9R9"l'%-,"^<-.'/21*./'4"- 1*+,%'"( )4$#*$_9"
Z9"Y9"l-/++="^[%2#%.#/-"2,.,*.#/-"%-2"8,%$1',8,-._9"


