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<FF5:/G(<3;3/870:32.(B*?.:9.(

)*+(,-../00/( <<B(AEDE( A(

"3:H8/(6/-780/.(:3(7*/(I.-6/J8-0G.(722542KLM(

!"#$%&'()*"%&)+(&,"(-"(.&"/00$-1"2%-'&003"
• "4&%*"0(%-15"(+62&%"%&0$0(+1'&3"
!"7&+)896&"$1:-%6+9-1"-1"$0-(-2$'"/00$-1"
%+(&03"
• ";+1"<&"-2&%+(&,"%&6-(&)*3""
!"=-18$1(%>0$?&"+1,"'-191>->0"@,&6-10(%+(&,"
-?&%"*&+%"0'+)&A3"

! 

N
"

= # Pth $ 1+ k(t)[ ] !B"2%-2-%9-1+)$(*":+'(-%"
C@(AB"<>%1>2"0&10$9?$(*"

! #2NF5/N/37-0?(72(/K:.;3J(N/7*2G.(
((((#2NF5:-37(.80O/:55-39/1(6/P(DEN(602N(
0/-9720(487(323=:3708.:O/+(



<FF5:/G(<3;3/870:32.(B*?.:9.(

):N/(QG-?R(
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Fission parameters 235U 239Pu 

E/fission  (MeV) 193.5 198.9 

<E!> above threshold 
(MeV) 

2.94 2.84 

N!/fission above 
threshold 

1.92 1.45 

<"int>  (10-43 cm2) 3.20 2.76 

!"D-%"(.&"0+6&"%&)&+0&,"(.&%6+)"2-E&%F"-1&"
&G2&'(0"(-",&(&'("UEV(5/..(3/870:32.(602N(
F80/(ACWB8(S..:23.(7*-3(602N(F80/(ACX"(((

)*+(,-../00/ C(<<B(AEDE(



Y7*/0(P205GP:5G/(/Z207.(

H$(&" I&'.1-" #+(+" ;-66&1("

JH8KH" H+1"L1-:%&" M"NOF"PQ6F"R3Q"("KH8N,F"PR6E&" KK=K"S"HT=#UT"

JH8KH" ;+1+,+" VQ"6F"P("KH8N," PRWR" 7X+'(&>%";T=#J"

JH8O;" H+1"L1-:%&" YPR8N,F"ZQ"6" PRWR" H>%:+'&"

JH8;H" H+1"L1-:%&" PQ6F"Y[8N&F"PR"6E&" 8" \)&'(%-1$'0"1-$0&"$00>&0"

T=N7T" T15%+F"]%+^$)" N,8YPRF"PQ"6F"0>%:+'&"" PRWW" H>%:+'&"

7L4=L" 7L4=LF"7>00$+" KH"_PR6E&" `" H&56&1(&,"

#;8=&+%" ;.--^F"D%+1'&" a"NOF"b("KHF"ZRR6F"WPR"6E&" PRWP" H2&'(%>6"6&+0>%&6&1("

cTHcT" d-*-F"d+2+1" WZR"eOF"R3W"("KH8N,"" `" 7=7F"[H#"

F0/=:3G8.70:-5:[-45/(

| done| data taking| being built| 
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)*+(,-../00/( <<B(AEDE( X(

&KF/0;./(620(4/.7(92.7=F/0620N-39/(92NF02N:./(
>:N85-;23(.2^P-0/(-3G(O-0:28.(4/39*(7/.7.(



!89:6/0(_($<&<(.F/9:S9-;23.(

)*+(,-../00/( <<B(AEDE( U(

!  $<&<(]/7/9720(]/.:J3(`8:G/5:3/.M((
f  gH6+))h"!"M"6"G"M"6"G"PFQ"6"6+G$6>6""
f  #-"1-("$1,>'&"+,,$9-1+)"0+:&(*"%$0C"(-"(.&"2-E&%"2)+1("
f  7&6-(&"S"\+0*"L2&%+9-1"<*"U102&'(-%0"1-("(%+$1&,"+0"1&>(%$1-"2.*0$'$0(0"
f  7&)$+<)&":-%"%&6-(&"-2&%+9-10"
f  =-("2-%(+<)&"<>("ie-?+<)&j"(-"+"'&%(+$1"&G(&1("

"  a-:3(#*-55/3J/.(26(!89:6/0(620(:37/J0-;23(:372(.-6/J8-0G(0/J:N/M(
"  \k-%("(-"0$62)$:*"(.&"0(+(&8-:8(.&8+%(",&0$51"+1,"%>1"')-0&"(-"0>%:+'&"E.$)&"

C&&2$15",&(&'(-%"2&%:-%6+1'&0"
" Tl&62(B"XEV(G/7/9;23(/b9:/39?(@Q"96&0"$62%-?&6&1("Em%"HT=#HA"
"  [%-'&&,"(-"(.&"i$1,>0(%$+)$^+9-1j"-:"1&>(%$1-"0'$&1'&"
" J0$15"(.&"0(+(&8-:8(.&"+%("C1-E1"(&'.1-)-5*"@#-><)&";.--^"0*1&%5*A"



70 MW 

!89:6/0(YO/0O:/P(

WQ"'6"2-)*&(.*)&1&"WR"'6")&+,"

DU(K(cd(Ba).(52P(4-9eJ0283G(

PQ"'6"+'%*)$'0"<>k&%(

#-5:40-;23(F:F/"

TargetB"E+cX(NC(`G=,>(QE+XVR(

H(+$1)&00"0(&&)",-><)&"
'-1(+$16&1("?&00&)"'-+(&,"E$(."
E.$(&"I&n-1"'-+915"$10$,&(

Osiris research reactor  
CEA-Saclay (1000 !/d)"

=P"<)+1C&("

distance: 7 metres 

overburden: 10 m.w.e 

)*/0N-5(B2P/0(a/-.80/N/37(
%8/5(#2NF2.:;23(a/-.80/N/37(ACWTA\DB8(

)*+(,-../00/( <<B(AEDE( f(



)*+(,-../00/ 

]/7/9;23(F0:39:F5/(

g$1?&%0&""8,&'+*h"2%-'&00""
U1"5+,-)$1$>6",-2&,")$o>$,"
0'$19))+(-%M(#/(g(F($(/g(g(3(

p"WRRR"$1(&%+'9-10"#mq->%"
\G2&'(&,"_;\T8L0$%$0"

`G(

2%-62("2-0$(%-1"
0$51+)"
r"
#&)+*&,"1&>(%-1""
0$51+)"@%(pMR"µ0A"

c(<<B(AEDE(



!89:6/0(]/7/9720(a2G85/(

)*+(,-../00/( <<B(AEDE( W(

n 

#e 
p 

8 MeV 

511 keV e+ 

Gd 

PQ"'6"(%+102+%&1("+'%*)$'"<>k&%":-%"
<&l&%"%&02-10&">1$:-%6$(*"+1,"
0.$&),$15"+5+$10("[eI"%+,$-+'9?$(*3"

Ws"G"bj"[.-(-6>)92)$&%0"(-"'-))&'(")$5.("

I+%5&(B"pR3bQ"6M"N,")-+,&,")$o>$,"0'$19))+(-%"
VR"'6".$5."f,$+6&(&%3"

#-><)&"E+))"0(&&)"?&00&)":-%"95.(1&003"
U1(&%1+)"E.$(&",$k>0$?&"'-+915"(-"E+0."
->("?-)>6&"&k&'(03"

=P"<)+1C&("@1-"/%&"$51$9-1A"

;+)$<%+9-1"2$2&"

W3Z6"

W3
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B*272G/7/9;23(.?.7/N(

)*+(,-../00/( <<B(AEDE( DE(

U1(&5%+9-1"$1"+1"UHL"V"')&+1"%--6"

;&1(%+)"2$2&".-)&":-%"
'+)$<%+9-1""

bh"[eI0"S"6+51&9'"0.$&),"
@6>86&(+)A"

bR)"6$1&%+)"-$)"2--)"
@-29'+)"'->2)$15"S"0.$&),$15"

PQR"66"+'%*)$'0"?&00&)"
@%+,$-2>%&F"')&+1F".$5.)*"
(%+102+%&1(F"1-1"n>-%&0'&1(A"



B*272G/7/9;23(.?.7/N(

)*+(,-../00/( <<B(AEDE( DD(

h2i2N(O:/P(



)*+(,-../00/( <<B(AEDE( DA(

! %:3-5(j/../5((
8=&E"0(+$1)&00"0(&&)"?&00&)""
8#-><)&"'-1(+$16&1("?&00&)"E$(.""
+'9?&")&+C",&(&'9-1"
87+,$-2>%$(*"0'%&&1$15"@E&),0A""
8e+(&%$+)"'-62+9<$)$(*B"I&n-1"'-+915"

)-0J/7(O/../5.(

)$,"S"2.-(-8,&(&'9-1"0*0(&6"
/("<-(."?&00&)03""

#&(&'(-%"$0"95.("+1,"C&2("
>1,&%"1$(%-5&1"+(6-02.&%&"
@WR"6<+%"-?&%2%&00>%&A"

!"B02727?F/(O/../5( "
8 #-><)&"";.--^"6-'C>2"%&8>0&," " " " " " " "
8W"'6"(.$'C"0(&&2" " " " " " " " " 8"
8=-"%+,$-2>%$(*"'-10(%+$1(0" " " " " " " " "
87&n&'9?&"[+$1("$10$,&"
@H&&"d3"N+t-(0j0"%&0>)(0A" " " " " " " " "

( ( ( #239/F7M(F*272G/7/9;23(.?.7/N(*-3J/G(23(7*/(G/7/9720(72F(5:G"



>52P(#237025(>?.7/N.(Q.//('+(`0-3/55:d.()-5eR(

)*+(,-../00/( <<B(AEDE( DC(

" =P"<)+1C&("2%&00>%&"
" LP"2+%9+)"2%&00>%&"
" I&62&%+(>%&0"

" "0'$19))+(-%"@PA"
" "-$)"@WA"
" "=P"<)+1C&("@WA"

" K$o>$,")&?&)"@P"0&10-%0A"
" K$o>$,")&+C",&(&'9-1"

• "K+<4$&E"<+0&,"H-uE+%&"0*0(&6"
• "H$62)$/&,"0-uE+%&"2+1&)"+?+$)+<)&"$1"(.&"%&+'(-%"'-1(%-)"%--6"
• "T)+%60"(%$55&%&,"<*"->("-:"%+15&"?+)>&0"
• "K-E":%&o>&1'*"0&10-%0",+(+"$1')>,&,"$1",&(&'(-%",+(+"0(%>'(>%&":-%"0(+<$)$(*"0(>,$&0"

H&("-:"0&10-%0"$10$,&"+1,"
->(0$,&"(.&",&(&'(-%B"



)*+(,-../00/( <<B(AEDE( D\(

"7&.+<$)$(+(&,">1,&%5%->1,")+<":%-6",$06+1()&,"+''&)&%+(-%3"
"[%-(-(*2&"?&00&)"+1,"1-1"N,8)-+,&,"KT]"<+0&,"0'$19))+(-%":-%"(&0(3"

)/.7(-../N45?(:3(>-95-?((

Q.//(7-5e(602N(k+(`-b27(620(7*/(F02727?F/(9*-0-97/0:[-;23R("



a823(j/72(

)*+(,-../00/( <<B(AEDE( DX(

n 

n thermalisation and capture 

`G(

recoil proton 

n 

;-06$'"7+*"

• 4&(-"v"T1"+'9?&"0.$&),$15")+*&%"-:"2)+09'"
0'$19))+(-%"(+50"(.&"1&+%<*"6>-10"+1,"?&(-"(.&"
+'o>$0$9-13""

• "U1(&%+'9-1"-:"'-06$'"%+*0"E$(."0>%%->1,$15"
6+(&%$+)"'+1"$1,>'&":+0("1&>(%-10"+<)&"(-"2>1'."
(.%->5."0.$&),$153"T"%&'-$)"2%-(-1":+C&0"(.&"
2%-62("0$51+)"(.&1"(.&"1&>(%-1"$0"'+2(>%&,3"
• #-6$1+1("0>%:+'&"<+'C5%->1,"

Aluminium structure"



)*+(,-../00/ 

j/72(a823.()/9*3252J?(

" "MR"<-G&0"@0$,&"S"'&$)$15"+%&",$k&%&1(A"%&+,->("<*"MR"[eI03"
" "\+'."<-G"6+,&"-:"+"Z"'6"(.$'C"2)+09'"0'$19))+(-%"r"%&n&'9?&"'-+915"r"[eI"
" "U1(&5%+9-1"'-62)&(&,"f"+00&6<)*"-1"0$(&"$1"L'(-<&%3"
" "]-G"(&0(&,">1,&%"@e]oA".$5."5+66+"+'9?$(*"$10$,&"(.&"=>'$:&%"L0$%$0"%--6""""



&! ~ 8 MeV 

! 

B-..:O/(>*:/5G:3J(
2F;N:[/G(620(7*/(Y.:0:.T$,,(083(

)*+(,-../00/( <<B(AEDE( Df(

=&>(%$1-"0$51+)"'+1"<&":+C&,""<*"
+1"+''$,&1(+)"!81"'-$1'$,&1'&B"

n 

+ 

E! >~ 1 MeV 

`G(

T"6&'.+1$'+)"0(%>'(>%&"0>22-%(0"
0.$&),$15"+))"+%->1,"(.&",&(&'(-%B"

• "WR"'6"-:")&+,"(-"0(-2"!'

• "WQ"'6"-:"2-)*&(.*)&1&"(-"0(-2")-E"\"1&>(%-10"



" "WR"'6"(.$'C")&+,"E+))"@&+%(.o>+C&j0"2%--:&,A"

" "K&+,"S"2-)*&(.*)&1&"0>22-%915"0(%>'(>%&"@&+%(.o>+C&j0"2%--:&,A"

" " Zw"WR"'6"(.$'C")&+,"0.$&),$15"f"MZRR"<%$'C0"f"
" ""

)*+(,-../00/ Dc(<<B(AEDE(

`-NN-(>*:/5G:3J.(



)*+(,-../00/ DW(<<B(AEDE(

!/87023(>*:/5G:3J(
4" Low-Z Shielding (Internal Layer) 
"  Thermal & fast neutrons shielding 
"  Best configuration @shallow depth  
"  150 mm of Polyethylene 
   20-60 mm boron doped (reducing  
   the 2.2. MeV gamma line through  
   1(."r"WR]"!"VK$"r"xmy"@ZVV"C&4A" 
"  All bricks procured (C, H, T shapes)  
"  Walls pre-assembled 



#-5:40-;23(-3G(a23:720:3J(

)*+(,-../00/( <<B(AEDE( AE(

>/7(26(f(G:2G/.(:3l/9;3J(5:J*7(:3.:G/(7*/(G/7/9720(620(:3G/F/3G/37(
N23:720:3J(26(Ba)(J-:3(-3G(2F;9-5(F02F/0;/.(26(7*/(5:H8:GM(

#-5:40-;23(F:F/(-552P:3J(:3./0;23(26(0-G:2-9;O/(.2809/.(-523J(-K:-5(-K:.M(
• WMV;0F"PP=+F"sR;-F"T68]&B"%&02-10&"(-"!"%+*0"$1"(.&"R"3V"8"Z3Z"e&4"%+15&"
• T68]&B"1&>(%-10"(+55&,"<*"Z"e&4"!""
!"0&("1&>(%-1"&1&%5*"'>("$1"+1+)*0$0"+1,",&(&%6$1&"(,&("
• ;+1"<&",-1&"-k"0$(&"<&:-%&"$10(+))+9-1""

• "P",$-,&0"+("(.&"0$15)&"2.-(-1")&?&)":-%"6-1$(-%$15"N[eI"

• "Q")+%5&%"$1(&10$(*",$-,&0":-%")$o>$,"0(+<$)$(*"+1,")$1&+%$(*"
• "7>11$15"'-191>->0)*"+(")-E":%&o"E.$)&",+(+"(+C$15"
!"T))-E":-%"+"')&+1"<+'C5%->1,"0><(%+'9-1"

K$5.("$1q&'9-1"0*0(&6"+1,",$k>0&%"

HH"2$2&""
0->%'&""
.-),&%"



)*+(,-../00/ 

J9)$0+9-1",&"Z"0->%'&0"%+,$-+'9?&0"B"

Activité 
(kBq) 

Energy  
(MeV) 

60 Co 4 1,17 + 1,33 

137 Cs 4 0,662 

22 Na 4 1,2 + e+ 
2x0,511 

Am-Be 3330 4,4  gamma & 
2,2 neutron 

[-%(&"0->%'&"?>&"X')+(X" $10X%X&",+10")&"(><&",&"'+)$<%+9-1"'&1(%+)&3"

AD(<<B(AEDE(

B02727?F/(G/7/9720M(5:3/-0:7?(
@0&&"d-1+(.+1"N+t-(j0"(+)CA"



" ($3=.:78(,&](.?.7/N(72('&aY)&,m(9-5:40-7/(_(N23:720(7*/(
G/7/9720(.7-4:5:7?+(

" ((%:3-5(J2-5(Q4/?23G(!89:6/0RM(9-5:40-;23(-7(0/-9720(.:7/(_(
8.:3J(,&](235?(Q32(0-G:2-9;O/(.2809/.R(

" (,&](.?.7/N(G/O/52F/G(620(7*/(h-4-0(/KF/0:N/37(Q>-95-?R(
" (K\#"2>)0&%"6-,>)&"@zvZQR"16A"
" "W0("K\#"0&(B"0$15)&"2.-(-&)&'(%-1"@5+$1A"'+)$<%+9-1m
6-1$(-%$15"
" "P1,"K\#"0&(B")+%5&",*1+6$'0"$1q&'9-1":-%")$1&+%$(*"
'+)$<%+9-1m6-1$(-%$15"
" "M"(*2&0"-:"[ID\",$k>0&%0"
" "[-00$<$)$(*"(-"'+)$<%+(&m6-1$(-%"-?&%"(.&"E.-)&"
&G2&%$6&1(+)",*1+6$'0"""

)*+(,-../00/ 

,:J*7($3l/9;23(#-5:40-;23(>?.7/N(

I&n-1")$5.("
,$k>0&%0"

AA(<<B(AEDE(

,&]D( ,&]A( ,&]D_A(

2%-(-(*2&",+(+"



&5/97023:9.(-3G(]<n(

)*+(,-../00/( <<B(AEDE( AC(

#2NN/09:-5(/5/97023:9(N2G85/.(@;T\=F"OU\=\7A"

" "#$5$9^+9-1B"
• Y$5."2%&'$0$-1"+<0-)>(&"96&"%&'-%,$15F"E$(."
0-uE+%&"%&'-10(%>'9-1"-:",&)+*&,"'-$1'$,&1'&0""
• I-(+)"'.+%5&":-%"&1&%5*"%&'-10(%>'9-1"
• K+(&"'.+%5&":-%"[H#"

" "I%$55&%"<+0&,"-1"0$51+)"(.%&0.-),"S"6>)92)$'$(*"

#2NN/09:-5(-9H8:.:;23(.2^P-0/(@K+<4$&EA"

" "#&+,"96&"{"W|"+("W3Q"CY^"(%$55&%"%+(&F"+))-E$15""
"":+0("'+)$<%+9-1"+1,")-E"\"<+'C5%->1,"0(>,$&03"
""H*1'.%-1->0"6-,>)&0"

" "#&0$51&,":-%"%&6-(&"%>11$15":%-6"'-1(%-)"%--6"
""I-"<&"(&0(&,",>%$15"(.&"LHU7UH"%>1" !"#$%&'()*()+&,+'(-,.%&#/(

0'+'1#&(.23'$'(



)*+(,-../00/ 

]<nM(G-7-(o2P(

Ws"[e"

\(7?F/.(G/(70:JJ/0.M(F*?.:9.1(,&].1(0-3G2N1(a823(j/72(
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K"
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7"

#$0'%$" I%$55&%"

#2NF7/80.(

)/NF.( n727( n7-:5(02
)$l

&%
"

A\(<<B(AEDE(

]$1+%*"

#+(+"%&,>'9-1""
S"'+)$<%+9-1"

" "7+E",+(+"

" T<0-)>(&"96&":-%"
&+'."&?&1("

" ;+)$<%+(&,"

" "OOO"o>+)$(*"
'-1(%-)"@0$15)&"2&F"
K\#0F"2&,&0(+)F"~A"

7LLI"/)&0"

,+(+"S"e;B""
0+6&"0(%>'(>%&"



]/F52?N/37(B5-3(

" (B*-./(DM(Y>$'$>(=(EWTAEDE(!(DATAEDD(=((
" (`2-5M(j-5:G-;23(_(6855(9*-0-97/0:[-;23(26(7*/(!89:6/0(G/7/9720((
" (#*-55/3J/M(%:0.7(/KF/0:N/37(f(N(-P-?(602N(-(3895/-0(920/(Q-3(/K70/N/(4-9eJ0283G(
/3O:023N/37(!(7*:9e(.*:/5G:3JR(
" ($<&<(:37/0/.7M(D/0(G/F52?N/37(f(N/7/0(-P-?(602N(-(920/1(:3.:G/(-(0/./-09*(0/-9720(*-55(

" ((B*-./(AM($,,(=(EDTAEDA(!(DATAEDA(=((
" (`2-5M(a/-.80/N/37(26(-(F80/(ACX"(68/5(.F/9708N(g((<4.2587/(G/7/9720(9-5:40-;23(
" (#*-55/3J/M(P/-e/0(3895/-0(F2P/01(6-07*/0(529-;231(*:J*(3/87023(4-9eJ0283G(((
" ($<&<(:37/0/.7M(G/N23.70-;23(26(280(-4:5:7?(72(9*-3J/(7*/(G/7/9;23(.:7/(

" (B*-./(CM(!895/-0(F2P/0(.7-;23(p(AEDC((
" (h87(M(B0/9:./(N/-.80/N/37(26(7*/0N-5(F2P/0(-3G(68/5(/O258;231(:3(0/-5(923G:;23.(
" (#*-55/3J/M(%:3G(-(.:7/q($<$<(rF25:;9-5(.8FF207d(9285G(4/(-(40/-e7*028J*((
" ($<&<(:37/0/.7M(G/F52?N/37(-7(-(F0:O-7/(2F/0-720(.:7/+(

" (B*-./(\M(!895/-0(F2P/0(.7-;23(83G/0(.-6/J8-0G.(Q3//G($<&<R((sAED\(
)*+(,-../00/( <<B(AEDE( AX(



!89:6/0(t(>-95-?=Y.:0:.(

)*+(,-../00/( <<B(AEDE( AU(

" (>:7/(-O-:5-45/(-7(f(N(602N(7*/(920/(
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Reactor 
Core 

NUCIFER 
P.Durande-Ayme @ TRTR-IGORR joint meeting 2005 

Pth (MW) 70 

Fresh fuel  U3Si2Al plates 

Enrichment (% of 235U) 20 

Fuel replacement 1/7th every 20d  

Core dimensions (cm) 57 x 57 x 60  

Distance from core 
center (m) 

7 

!e flux at det. center 
(cm-2.s-1) 

2.3 1012 

!e int/day in Nucifer 
(1m3) 

~1000 

muon flux attenuation 2.7 
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Pth (MW) 57 

Fresh fuel  UAl plates 

Enrichment (% of 235U) 93 
Fuel replacement Total after 50 

days 

Core dimensions (cm) 80 (f) x 28 (H) 

Distance from core 
center (m) 

9 

!e flux at det. center 
(cm-2.s-1) 

8.4 1011 

!e int/day in Nucifer) ~250 

muon flux attenuation 2-3 
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