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•! 713*F/&"13&'(9)+%FF%&'
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I'G)",%)&'J'-%'(80&"4/%'

•! "3R)9)1/2%:'#"FF"#.$)"4/%'L'S%)&*8%F:'P)$.#"&:'
*9#%)9'M1F1#K$)%&'CAP='#"FF"#.$)"4/%'ET'#:'
#9$)"*%&'<MH;"U@H'89/$%'"#(.-93*%'DTTV'("H%F&:'W'

•! 7=X'L'?F93*Y:'(1F9)"&9+13'XAPC<:'ZF"#(1'W'

•! 9&$)131#"%'['L'.3%)2"%'4/%F4/%&'*%3$9"3%&'%\']'
/3'(%+$'31#M)%'-%'-"^9"3%&'-%'Y%\:'9,%*'1M_%*+R'
R13-9#%3$9F'-%'F9')9"%'-/'`%)']'a'Y%\'L'C[Z'

•! )%*8%)*8%'-%'bC=?&'L'QGQ!bQC;;:'7AQ;;N:'
AZ;QX>G:'Q>AQ7P'

•! =9&&%'-/'3%/$)"31'L'=CXQNP:'7>ZAC7C<Z:'7>ZAQ'
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<9"&&93*%'-c/3%'*1##/39/$.'

•! I'-)",%)'J'-%'-%/H'()1MFK#%&'-%'(80&"4/%'
dF12"4/%'-%'()1_%$eL'

–!#9&&%'-/'3%/$)"31'-1/MF%'M%$9'd=CXQNP:'(/"&'
7>ZAC7C<Z:'(/"&'7>ZAQe'd7F9/-"9'<13%&e'

–! ')%*8%)*8%'-%&'bC=?&:'"-%3+f*9+13'-c/3'$)K&'
R9"MF%'&"239F'-%')%*/F&'3/*F.9")%&'d&"239Fe:'9/'
#"F"%/'-%&')%*/F&'.F%*$)13"4/%&'d$)K&'2)93-%'
#9_1)"$.'-%&'"3$%)9*+13&:'M)/"$'-%'R13-'
)9-"19*+Re'dPF%H'g/"FF9)-e'
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Quelle est la composition de l’Univers ? 

•! P&$)1(80&"*9F'#%9&/)%#%3$&'
–! hG9)Yi'#9j%)'89F1'9)1/3-'$8%'29F9H"%&'

–! !1*9F'-%3&"$0L'
')G='k'T6E'@'T6l'5%\B*#E'
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S%9$'

C13"^9+13'
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o'/&/9FF0'R9&$'
o'31'&/)R9*%'%p%*$&'q'
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o'4'<;;7'($&$%&$('$+$#89'
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o')%4/")%&'*)012%3"*'
-%$%*$1)&'
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0"KL/'("#$%&'($&$%)*+'$ML$#"K$+&/'
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7G=;'s';1/-93'
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DlT'2'5%'1)'UTT'2';"'*)0&$9F'
U'*#'$8"*Y'H't6l'*#'-"9#%$%)'

71FF%*$'9$8%)#9F'(81313&L'
[u'(1&"+13'"#92"32'
;/)R9*%'dve'%,%3$',%$1'M9&%-'
13'(/F&%'&89(%')"&%+#%'
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7G=;'CC'X9*Y2)1/3-'G"&*)"#"39+13'
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•!C13"^9+13'u"%F-'
d"13"^9+13'%3%)20'(%)'
/3"$')%*1"F'%3%)20e'
-%(%3-&'&$)132F0'13'
$0(%'1R')%*1"F'
o'=1&$'M9*Y2)1/3-'
&1/)*%&'d(81$13&:'
%F%*$)13&:'9F(89&e'
()1-/*%'%F%*$)13'
)%*1"F&' 47k Photons (external source) 



7G=;'CC'X9*Y2)1/3-'G"&*)"#"39+13'
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•!C13"^9+13'u"%F-'
d"13"^9+13'%3%)20'(%)'
/3"$')%*1"F'%3%)20e'
-%(%3-&'&$)132F0'13'$0(%'
1R')%*1"F'

o'C13"^9+13'0"%F-'9F13%'
)%_%*$&'xmm6my'1R'
29##9&:'xtly'1R'zM%$9&c'

Neutrons from external source 

3,*&*+/'5#*K'$M&$#+=A'/*.#%$'

Ionization + Timing: 

Reject 99.9998% of Gammas, 99.8% of surface events 



Cold and running since July 2006 

T1 T2 

Five tower run (Ge 4.5 kg) 

noisy 

T3 

noisy 

T4 

noisy 

T5 
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`)1#'7G=;@CC'"3';1/-93'
$1';/(%)7G=;'"3';<Z!9M'
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N.%A$=#'#$%*"A'
("/%#"K"+=)*+'(*6+'&*'
:;'?$O'&,#$/,*A('P''
!Q#=9'#$R$%)*+'S'FFTFF'7'

N$.&#*+'U'8=KK='
%=A"V#=)*+'

W($A6$"//P'$X$+&QV9Q$X$+&'("/%#"K"+=)*+'
YT'2=#)+$=.'$&'=ATB'=/&#*QL,Z;D<;[J\Z'

GANXN:'`)._/&:'=9"'DTTm' UE'



-!Bolometric 

detectors with NbSi 

with identification 

and rejection of 

surface events 

-!Interdigit detectors 

with identification 

and rejection of 

surface events 

- Large number of 

channels/wires 

-! Operation in 

underground site: 

remote operation of 

dilution cryostat and 

helium reliquefier 

EDELWEISS-II setup in LSM'
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4 Amplis 

A= -0.5  B= 2.5 

C= 0.5  D= -2.5 

«!SuperID!» 400g. 
CSNSM_04 

•! Electric field, norm (>2V/cm in white) 

•! Fieldlines E 

•!=> Fid volume = 80 % 

Low E field zones 

Bolometer mounting (grounded) 

Super ID geometry Diameter = 70mm 
Height = 20mm 

DRTBT, Fréjus, Mai 2009 
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Simulation of InterDigit Detector 
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March 11th, 2009 Moriond EW La Thuile - DM searches 

C3$%)G"2"$L')%_%$'-%&'.,.3%#%3$&'&/)R9*%'
•! N%&$'-/')%_%$'-/'M)/"$'-%'R13-'29##9'

–! kU'#1"&'-%'*9F"M)9+13'

!!
210Pb " de surface 

"- équivalent à 

3x104 kg jour 

6x104 

6x104 

210Bi 

6x104 

210Po 

0 events 

!-equivalent 

to ~103 kgd 



C-%3+f*9+13'%$')%_%$'29##9&'

A%_%*+13'DT@lTT''O{T6lL'

•! CGnTU'VCGE'L'T'B'|m'TTT'

•! A%_%*+13'{'kD6a'HUT@l'

•! Q4/",9F%3$'$1'M9*Y2)1/3-'
%H(1&/)%'!"D'TTT'Y26-'
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Works with many absorber 
materials 

CaWO4, PbWO4, BaF, BGO 

(other tungstates and molybdates) 

Appl. Phys.Lett. 
75(9),1335(1999) 

High rejection: 

99.7%  E > 15 keV 

99.9%  E > 20 keV 

CRESST-II experiment (Gran Sasso) 

Background discrimination by simultaneous detection of phonons 
and light 

separate calorimeter as light 
detector  

light reflector 

W-SPT 

W-SPT 

 scintillator 

W-SPT 

DRTBT, Fréjus, Mai 2009 19 



 phonon channel  

   300g CaWO4  

   Ø = 40mm, h = 40mm  

   W-SPT 4 x 6 mm2 

 light channel  

   Si 30 x 30 x 0.4 mm3 

   W-SPT 

 reflector 

   polymeric foil, teflon 

CRESST II –Detector Module 

DRTBT, Fréjus, Mai 2009 20 

33 modules (" 10 kg) 

for CRESST II!!



Experimental status and 
theoretical predictions 

DRTBT, Fréjus, Mai 2009 21 

after dmtools 
R. Gaistkell and V. Mandic 

CDMS-II, CRESST-II, EDELWEISS-II, 
XENON-10, WARP-10 … sensitivity goals 

1 Ton sensitivity goal (optimistic) 

EDELWEISS, CRESST 
CDMS present 
sensitivities 



G.$%*$%/)&'*)012.3"4/%&'
,&6'-.$%*$%/)&'*13,%3+133%F&'

•! G9)Y'=9j%)L'9(()1H"#9+,%#%3$'F9'#}#%'&%3&"M"F"$.''
–! 7G=;'F.2K)%#%3$'#%"FF%/)%'4/%'[Q<Z<:'C3$%)-"2"$')%,"%3$'R1)$e'

–! Q$9(%'[Q<Z<@UTT'L'*1#()%3-)%'F%&'F"#"$9+13&'-%&'-.$%*$%/)&'
29^BF"4/"-%&'31MF%&'

–! C#(1)$93*%'-%'-"&(1&%)'-%'-%/H'*"MF%&'9/'#1"3&'d[%:'5%'qe'

•! G1/MF%'M%$9'L'5QAGPB=PgZAP<P:';/(%)<Q=Z:'7>ZAQ'
–! P,93$92%'%3'()"3*"(%']'5QAGP:'#9"&']',.)"f%)'

–! !]'9/&&"'"#(1)$93*%'-%'-"&(1&%)'-%'(F/&"%/)&'*"MF%&'

•! 7=X:'CAB##:'[@)90'L'31/,%FF%'2.3.)9+13'&%#MF%'()%&4/%'
3.*%&&9")%#%3$'*)012.3"4/%''
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?"13%%)"32'#"*)1*9F1)"#%$%)&'

•! ;6S6'=1&%F%0:'g676'=9$8%):'G6'=*79##13:'g6'P((F6'?80&6'la'
dUm|ne'UDlt'L'4/%F4/%&'-"^9"3%&'-%'#"*)12)9##%&'

•! <6'71)13:'%$'9F6:'<9$/)%'EUn'dUm|le'tl'L'T6l'#2'-"9#13-'
*1#(1&"$%'M1F1#%$%)'

•! ?)%#"K)%'#9$)"*%'L'[O7'f3'933.%&'mT''

6'
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XQC array (end 90’s) 



Motivations initiales 

•! !9'*9(9*"$.'*9F1)"f4/%',9)"%'*1##%'NE'd#9$.)"9/'
-".F%*$)"4/%e:'1/'*1##%'N'd#.$9Fe'

•! ;%3&"M"F"$.']'/3%'.3%)2"%'QT'-133.%'#%"FF%/)%']'
M9&&%'$%#(.)9$/)%'N'

•! ?81313&'#%\'1/'#1"3&'L').&1F/+13'"3$)"3&K4/%'
%3'()"3*"(%'%H*%FF%3$%'

•! Q29F%#%3$:'(1&&"M"F"$.'-%'*1#M"3%)'F9'#%&/)%'-/'
&"239F'-%'(81313&'9,%*'/3%'-%/H"K#%'#%&/)%'-%'
&*"3+FF9+13'1/'-%'*89)2%'-93&'*%)$9"3&'#9$.)"9/H'
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?)"3*"(%'-%'-.$%*+13'

•! U@'G.(~$'-c.3%)2"%'
-93&'Fc9M&1)M%/)'-/'
-.$%*$%/)'

•! D@'71/(F92%'%3$)%'
9M&1)M%/)'%$'&%3&%/)'
d<NG:'NQ;:'==7:'We'

•! E@'`/"$%'$8%)#"4/%'
,%)&'F%'M9"3'9f3'-%'
)%,%3")']'N'-%'M9&%'
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;%3&%/)&L'=CN'

•! =%$9F@C3&/F9$1)'N)93&"+13'd=CNe'dN)93&"+13'#.$9F@"&1F93$e'
–! ;"'"#(F93$.'d"#(F93$9+13'"13"4/%:'*8"#"4/%'(/"&'-"p/&"13']'89/$'Ne'

–! <%/$)13'N)93&#/$%-'G1(%-'d<NGe'5%'d-1(92%&'(9)'"))9-"9+13'
3%/$)13&e'

–! ;%3&%/)&'%3'*1/*8%&'#"3*%&'9#1)(8%&'d%626'<MH;"dU@He:'1)'uH;"dU@He'e'

•! QH*%FF%3$&'$8%)#"&$1)&:'"#(.-93*%'2.3.)9F%#%3$'.F%,.%:'=�'
]'5�'

•! C3"+9F%#%3$'-"�*"F%'-%'*13$)~F%)'().*"&.#%3$'Fc"#(.-93*%'
d()1-/*+13'-%'(F/&"%/)&'M9$*8%&e'd%626'*8"#"4/%'%$'<NGe'

•! S1#12.3."$.'*)"+4/%'

•! G"p/&"13']'89/$%'$%#(.)9$/)%'d=*79##13:'P23K&%eL'M"%3'
#%"FF%/)%'81#12.3."$.'dF"#"$9+13L'4/%F4/%&'�#'.(9"&&%/)e'
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;%3&%/)&L'=CN'd=%$9F@C3&/F9$1)'N)93&"+13e'

•! C#(.-93*%'9_/&$9MF%'=�']'5�'

•! ?)1-/*+13'F%'(F/&'&1/,%3$'-%'(F/&"%/)&'M9$*8%&'

•! =.*93"&#%'-%',9)"9MF%')932%'81(("32'd=1j:'QR)1&:'
;8YF1,&Y""e'
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Ion implanted Si impedance scaling (McCammon et al.) 
Various batches of NTDs (Beeman and Haller) 



;%3&%/)&'<MH;"dU@He'

•! 71@.,9(1)9+13').9F"&.%'9/'
7;<;='dZ)&90e'

•! <M'{'myL'&%3&%/)'=CN'
–! C&1F93$'-cP3-%)&13'

–! QH*%FF%3$'*1/(F92%'$8%)#"4/%'
%F%*$)13@(81313'

–! X)/"$'%3'UBR'

•! <M'x'myL'&/()9*13-/*$%/)'
–! !9',9F%/)'-%'N*'-.(%3-'-%'F9'

*13*%3$)9+13')%F9+,%'%3'<M'
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g13*+13&'$/33%F'&/()9*13-/*$)"*%&'d;Ng&e'

•! <MBPFBPF1HBPFB<M'_/3*+13&'
d%626:'M/$'9F&1'N9'1)'1$8%)e'

•! O/9&"(9)+*F%'$)9(("32'M0'PF'
$)9(&'

•! QH*%&&'31"&%'*1#(9)%-'$1'

•! QH(%*$'�Q'�'D6l'%\'9$'a'Y%\:'
1M&%),%'UD'%\'

•! P$'F1r'%3%)2"%&:'9F#1&$'
&$9+&+*9FF0'F"#"$%-'

•! <"*%'L'*93'/&/9FF0'M%'
1(%)9$%-'9$'ETT'#�'dES%e'

DRTBT, Fréjus, Mai 2009 29 



g13*+13&'$/33%F'&/()9*13-/*$)"*%&'d;Ng&e'

•! A.&1F/+13'%3'.3%)2"%'%3'
R13*+13'-%'Fc.3%)2"%'
-.$%*$.%:'*1#(9).%']'F9'
).&1F/+13'$8.1)"4/%'
/F+#%'L'
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NQ;'dN)93&"+13'%-2%'&%3&1)&e'

•! ?)"3*"(%'

•! #'�'ABN'-AB-N'(%/$'
-.(9&&%)'xx'UTTT'�'

•! QH9#(F%'&"#(F%'("H%F'

•! A%#9)4/9MF%'
).&1F/+13'%3'.3%)2"%'
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;%3&%/)&'N)93&"+13'%-2%'dNQ;e'
•! ?)1MFK#%&'"3"+9/HL'

–! A%()1-/*"M"F"$.'-%'F9'N*'

–! P_/&$%#%3$'(1&&"MF%'(9)'"#(F93$9+13'
"13"4/%'d`%e'#9"&'*1�$%/H'%3'$%#(&'%$'%3'
(%)&133%F'

–! ?1"3$'-%'R13*+133%#%3$'%$'-039#"4/%'&"'
M"9"&'%3'*1/)93$'

•! P,93*.%'9((1)$93$'F9'&1F/+13']'*%&'
()1MFK#%&L'3%29+,%'%F%*$)1@$8%)#9F'
R%%-M9*Y'dQN`e'(9)'C)r"3'dUmmle'

•! A.2/F9+13',1F$92%'M"9&'9,%*'*1/(F92%']'
/3'M9"3'$8%)#"4/%']'N'$)K&'R)1"-'

•! Q3'2)1&:'&%')9#%3%)'9/'*9&'1�'Fc13'
#9"3+%3$'Fc"#(.-93*%'-/'&%3&%/)'fH%'

•! ;"239F'�'@'?/"&&93*%'-%').2/F9+13'
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After Irwin et al. (2005) 



;%3&1)&L'N)93&"+13'%-2%'dNQ;e'

•! Z/&$93-"32'%3%)20')%&1F/+13'

•! 71#(9)"&13'r"$8'M%&$'&"F"*13'-%$%*$1)&'

•! ?%)R1)#93*%&'&"#"F9)'$1'bG;'dr9,%F%32$8'-"&(%)&",%e'

•! PM"F"$0'$1'-%$%*$'%3,")13#%3$9F'%p%*$&''
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==7'd=%$9FF"*'=923%+*'79F1)"#%$%)&e'

•! Q*893+FF13'(9)9#923%+4/%'-93&'*89#('X')%F9+,%#%3$'R9"MF%'
d�'4/%F4/%&'#Ne'

•! X�8F%)'93-'>#F9/RL'/3'-%&'()%#"%)&'-.$%*$%/)&'*)012.3"4/%&'
/+F"&93$'*1##%'&%3&%/)'-%&'nR'"13&'-93&'/3'-".F%*$)"4/%'L'
).&1F/+13'%3'.3%)2"%'-._]'%H*%FF%3$%:'#9"&'-.$%*$%/)&'$)K&'F%3$&'

•! Q3'UmmE:'X93-F%)'%$'9F6'L'"#(F93$%)'-%&'"13&'(9)9#923.+4/%&'
-93&'/3'#.$9F'L').(13&%'%H$)}#%#%3$')9("-%'d�'UT@t'&e'

•! QH*%FF%3$%').&1F/+13'%3'.3%)2"%'d�'E'%\'s'a'Y%\e'

•! ;0&$K#%'F%'(F/&'.$/-".'P/LQ)'

•! G%,)9"$'-.#13$)%)').&1F/+13'9/&&"'M133%'4/%'NQ;'d�D%\']'a'Y%\e'
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=%$9FF"*'=923%+*'79F1)"#%$%)&'

•! QH*%FF%3$%').&1F/+13'%3'.3%)2"%'
d�'E'%\'s'a'Y%\e'

•! 71#(9)9MF%']').&1F/+13'NQ;'

•! G._]'4/%F4/%&'9((F"*9+13&'d,1")'
$9FY'=9$8"9&'A1-)"2/%&e'
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Meilleures performances actuelles microcalorimètres simple pixel: 

pas de grosse différence entre les trois principaux senseurs 

36 DRTBT, Fréjus, Mai 2009 



>+F"&9+13'*1##%'-.$%*$%/)'&"#(F%'(81$13'

•! P'(%/'()K&'%3'#}#%'$%#(&'(9)'Q;P'd;Nge'%$';$93R1)-'dNQ;e'
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D’après Cabrera and Romani (2005) 



71/)M%'-%'F/#"K)%'EE@#&'-/'(/F&9)'-/'7)9M%'

•! ZM&%),9+13&'dNQ;e'-93&'F9'M93F"%/%'-%';$93R1)-W'
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After Cabrera and Romani (2005) 



G/'&"#(F%'("H%F']'F9'#9$)"*%W'

•! =9$)"*%&';@79#'U'%$'
;@79#'E'dQ;Pe'

•! ?81$1#/F+(F"*9$%/)'
9,%*').&1F/+13'%3'
(1&"+13'%$'%3'
.3%)2"%W'

•! G"�*/F$.']'.$%3-)%']'
2)93-'31#M)%'-%'
("H%F&'
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La caméra S-Cam 3 (ESA) 

Image d’une région étendue d’émission IR Image d’un fragment de la comète 
73P/Schwassmann-Wachmann 



ZM&%),9+13&'9/'&1F',&6'
1M&%),9+13&'%3'&9$%FF"$%'

•! ;9$%FF"$%'L'13'&c9p)93*8"$'-%&'()1MFK#%&'-%'
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( Crédit L. Rodriguez ) 



Matrice Bolocam 

(Glenn, 2002) 
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Télescope Cassegrain submillimétrique, diamètre 2.6 m 

•! télescope f/D = 3.5  => grand champ (30 arcmin) 
   => angle d’ouverture 16° 

•! pouvoir de résolution à 2mm : 3.2 arcmin  
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23-pixel matrices for OLIMPO (CMB) 

•! Small prototype arrays of 23 pixels @ 300mK 

•! Frequency channels 500-600 GHz and 380-440 
GHz (TBC) 

•! Resonant cavity design 
•! Backshort / front distances $/4 ( 2nd wafer ) 

•! Crosstalk < 1% 
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NbxSi1-x : 

-!> 1-5 M! adapté à l’électronique de lecture 

-!> composition x optimale = f (Tfonct = 350 mK)  

-> effet de champ et découplage électron/

phonon  

Tph 

Tb 

Te 

Ge-ph 

Gf 

Pel 

Pray 

Ec ~ 5000V/m; Ge-ph ~ 80 W/cm3/K5   





=9$)"*%']'93$%33%'G7=X'
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( 1 mm ) 



substrate 

IR photons 

absorber 

sensor 

electrons 

phonons 

NbSi 

Si substrate 

e-ph coupling (weak at low T) 

photons 

Kapitza coupling (strong) 

100!m x 100!m x 100nm 

NbSi sensor 

Planck 
decoupling 

Ge-ph = 5gV T4. Cooling below 60mK is necessary to reduce electron-phonon coupling. 

Superconducting and Anderson insulator NbSi sensors can be tailored for optimal photon absorption (Rsq~377%  at 1-10K).  
This is obtained by choosing the appropriate composition and thickness of the NbSi layers. 

3K 

Helgren et al., PRL Vol. 87, Number 11 (2001) 



204 bolometer arrays with bow tie antennas 
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Matrices ARTEMIS 
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Développements de matrices pour le satellite Herschel 



8 juin 2005- Développement de large matrice de bolomètres dans le domaine 
submillimétrique pour l’instrument PACS de la mission Herschel de l’ESA. 

Si layer #2 

Reflector 

G%$%*$1)'-%&"236'#$%&'()*"

+ cold read-out 

electronics beneath the 

reflector 

Indium bumps 

750!m 70!m 

450!m 

Si mesh 

@"'A=9$#']<'

absorber 

Si grid 

Thermometer 

Physical pixel size 

=750x750!m2 
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In order to meet these objectives, we need:  

A large collection surface & an excellent spectral resolution 

Z= 2 

50 ks XMM 

50 ks IXO 

Group ; kT= 2 keV ; z=0.5 

From XMM 

   to IXO 

57 DRTBT, Fréjus, Mai 2009 
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ETAPE 1 (validée) : optimisation du 

système Passif 
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Innovation (licence CEA-Cryoconcept) : 

liaison froide via échangeur gaz à 50K et 4K 

Etage 50°K Etage 4°K 

4°K 

50°K 
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Partial coverage (3 detectors) Full coverage (1 detector) 





bulk events 

surface events 

mixed events 
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Collision de galaxies « Bullet cluster » 


