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The CRESST Setup
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•  low WIMP 
masses !20GeV: 
only O, Ca recoils 
above detection 
threshold 

•  high WIMP 
masses "30GeV: 
dominated by W 
recoils 

•  neutron 
background 
mainly O recoils 
above detection 
threshold 

11.03.2013 J.-C. Lanfranchi 



Light-mass WIMP (6GeV): only O recoils above threshold 

B:10:3">:2':9'A$%:"6',0$%&#51%
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Light-mass WIMP (12 GeV): contribution of O and Ca, W  just above threshold  
25 
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For higher WIMP masses (>30GeV): tungsten dominates recoil spectrum  
26 
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W-TES:  
Light detector 

Silicon or 
SOS  

absorber 

CaWO4 
absorber 

300g 

W-TES: 
Phonon detector 

Scintillating 
and 

reflective  
cavity Transition Edge Sensor (TES) 

27 

LIGHT 

hlX0X0%
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~300g CaWO4 target crystal 

Silicon on sapphire  
light detector 

Reflective and scintillating foil 

TESs 

Reflective bronze clamps 

11.03.2013 J.-C. Lanfranchi 
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Event-by-event discrimination ! 

#,% 

$ 

slope 

1 (def.) 

1/5 

n (O) 1/10 
WIMP (W) 1/40 
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Light versus  
phonon-energy 

Light yield (light to  
phonon ratio) versus 
phonon-energy 
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Discrimination of Event Type

each type of event has a
characteristic light yield L/E

e recoil : 1 (by def.)

α : ∼ 0.22
O recoil : ∼ 0.1
Ca recoil : ∼ 0.06
W recoil : ∼ 0.04

(→”quenching factors“)
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CRESST detectors provide on an event-by-event basis
1 excellent discrimination: dominant radioactive backgrounds (e-recoils)

vs. potential signal events (nuclear recoils)

2 to some extent: discrimination of the recoiling nucleus

→ probes WIMP interactions with different targets simultaneously

Jens Schmaler Latest Results of the CRESST Dark Matter Search 6
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Energy spectrum 
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Energy spectrum Light yield distribution 
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Energy spectrum Light yield distribution 
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Energy spectrum Light yield distribution 

WIMP-signal spectrum is exponential 
like: 
gamma background   
unlike: 
206Pb, neutron, alpha background 

Is the signal due to gamma leakage? 
11.03.2013 J.-C. Lanfranchi 
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Energy spectrum Light yield distribution 

WIMP-signal spectrum is exponential 
like: 
gamma background   
unlike: 
206Pb, neutron,,alpha background 

Is the signal due to gamma leakage? 

        Unlikely! 

WIMP-signal and gamma leakage 
differ significantly in the light yield 
distribution! 
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11.03.2013 J.-C. Lanfranchi 
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WIMP Parameter Space
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% %37%w2-/6*#-H(C6%1#%*.7i%h=w%\N!%M9""GR%8"Y%

Q9%M<-'2#1(5%u7%m6#1.i%uFfR% :7;<7%=*/>2*/+$6%



.!KNOO'Y2(6'#$356&'RW``npW``epW`^`S'

&:&(6'$/0:35#$''
:9'[Wc)@_?%%
% dn[)@_?''
"2'e`q'fA'L(2?'
RKO*Q'A:OS'
Y?5%"(6'1(33'^_U)@'

r'$C$2&3':L3$#C$?'
R['P"&-'.oWW_r)$ks'
'^'P"&-'.m^cW)$kS'

d'$C&3'L@'$/0$%&$?'
W`o.o^``')$k'

Q8%M<-'2#1(5%u7%m6#1.i%uFfR%!!7"879"!8% :7;<7%=*/>2*/+$6%



:7;<7%=*/>2*/+$6%

.!KNOO'#$356&3'"2'&"'C3_'1"'

CoGeNT  PRL 106 (2011)!

DAMA/LIBRA  EPJ C56 (2008)!

mBg%M8NQCSE}%~9";9""C1Z�i%Y1A#(%%%σSI < 4.4 x 10-8 pb; MWIMP = 85 GeV/c2
R%

mBg;F%%%mBg;FF%%/W`'"10#:C$1$2&''

!!7"879"!8%

EDW-II 384 kgd!
E. Armengaud et al.,!
PLB 702,5 (2011) 329!

CRESST II 1& arXiv:1109.0702 !

CRESST II 2& arXiv:1109.0702!

.!KNO'

Buchmüller et al, 2011!

Bertone et al, 2011!

M<-'2#1(5%u7%m6#1.i%uFfR%



:7;<7%=*/>2*/+$6%

CDMS ,+61/+1%89Pi%!\!G%M9"!"R!

CRESST II 1& arXiv:1109.0702 !

CRESST II 2& arXiv:1109.0702!

CoGeNT  PRL 106 (2011)!

DAMA/LIBRA  EPJ C56 (2008)!

mBg%M8NQCSE}%~9";9""C1Z�i%Y1A#(%%%σSI < 4.4 x 10-8 pb; MWIMP = 85 GeV/c2
R%%

<B?,%Mr8PGCSE}%~r!";!""C1Z�i%Q%1A#(}%σSI <3.8 x 10-8 pb; MWIMP = 70 GeV/c2
R%

!!7"879"!8%

Bertone et al, 2011!

Buchmüller et al, 2011!

EDW + CDMS, !
combined analysis!
Phys Rev D 84 (2011)!

 EDW-II  PLB 702,5 (2011) 329!

mBg;FF%Ä%<B?,%+-I)7%6/%&"%A(7%I"'

w1/1_#%>2-I%.-H12%<B?,%#$21($-.E`%

MmBm=gmF,,%9"C1Z%o%<B?,%!"C1ZR%

M<-'2#1(5%u7%m6#1.i%uFfR%



#;+*.6)2*@-/%H6#$%!88w*%MQ!!\\8#z(R%

21+-6.%1/12S5%MC1ZR%

6-
/
6K
*
@
-
/
%5
61
.E
%

!"#$%&%'(")*

87%S1/12*@-/`%JFB%E1#1+#-2(%

H6#$%26/S(%-/%*..%('2>*+1(%

/-%V0&%1A#({%6/%dQ""7"""%#%+*.6)%1A#(%%

3%w%3%w%3%w%3%w%3%w%3%w%

<%B%<%B%<%B%<%B%<%B%<%B%

B%

<%%

B%

<%

3%%

w%

3%%

w%

fF!^'

fF!W'

mBg;FFF`%/1T#%S1/12*@-/%->%E1#1+#-2(%

PY|%_E'+6*.%

N""S%#-#*.%I*((%

r\""S%_E7%I*((%

!!7"879"!8%M<-'2#1(5%u7%m6#1.i%uFfR% :7;<7%=*/>2*/+$6%



A$%:"6'!$&$%>:2'X'H(%)@#:52?'O?$2>Y%(>:2'

em0X0!""%

h$-/-/(%

,+6/@..*@-/%F-/6K*@-/%

<B?,%

mBm=gmF,,% <&m,,f%

QP%!!7"879"!8% :7;<7%=*/>2*/+$6%

<-]10f% B3?3%

!%+$*//1.%E1#1+#-2%
!%+$*//1.%E1#1+#-2%



!J*J'

:7;<7%=*/>2*/+$6%!!7"879"!8% QN%

=-+*@-/`%]2*/%,*((-i%F#*.5%

h'21%(+6/@..*@-/%E1#1+#-2%'(6/S%0*:Mf.R%

=*2S1%#*2S1#%I*((`%r9Y"CS%

]-*.`%I1*('21%B?%6/E'+1E%I-E'.*@-/%

->%(6S/*.%-A12%#$1%51*2`%I*T%-/%:'/1%9/E%

,I*..1(#%B1+1I)12%9/E%%

[/E12%(#*/E*2E%$*.-%*(('I4@-/(`%

sP|%1b1+#%



!J*J't'J225(6'*:?56(>:2'

QG%!!7"879"!8% :7;<7%=*/>2*/+$6%

m[&7%h$5(7%:7%<%M9"!"R%\P`%8G;QG%

<'I'.*@A1%1T4-('21%->%B3?3o0*:%

*/E%B3?3o=Fw&3`%^_^c'&:2';$(#3'

F/%#-#*.`%^d'(225(6'%;%6$3'

?-E'.*@-/%-/.5%421(1/#%*#%%

.-H%1/12S61(`%WNU)$k'

X/.5%(6/S.1%$6#(%1T$6)6#%I-E'.*@-/%

h$*(1%->%I-E'.*@-/%H6#$6/%%

122-2%I*2S6/(%*S211(%H1..%%

H6#$%421E6+@-/(`%

; %I1*('21E`% %^[cplNc '?(;3'
; %1T41+#1E` %^rU_r' '?(;3'

B?%*//'*.%I-E'.*@-/%(6S/*#'21`%

+-/_E1/+1%.1A1.%n_e& %%



A$%:"6'!$&$%>:2'X'H(%)@#:52?'O?$2>Y%(>:2'

em0X0!""%

h$-/-/(%

,+6/@..*@-/%F-/6K*@-/%

<B?,%

mBm=gmF,,% <&m,,f%

Y"%!!7"879"!8% :7;<7%=*/>2*/+$6%



Y!%

The XENON two-phase TPC

20

WIMPs/Neutrons

nuclear recoil

electron recoil

Gammas

Top PMT Array

! Single electron and single photon measurement sensitivity

! > 99.5% ER rejection via Ionization/Scintillation ratio (S2/S1)

!  3D event-by-event  imaging with millimeter spatial resolution 

!!7"879"!8% :7;<7%=*/>2*/+$6%

u.f4f'!$&$%&:#'



XENON100 detector

30 cm drift length and 30 cm ∅
161 kg total (30-50 kg fiducial volume)

∼100x less background than XENON10

Material screening and selection

242 low activity 1” PMTs (R8520)

Cooling (PTR) outside the shield

Active liquid xenon veto

1 inch PMTs 30 cm ∅ meshes

Teresa Marrodán Undagoitia (UZH) XENON100 experiment Cambridge, 3.08.2010 11 / 35

u.f4f^``'!$&$%&:#'

!!7"879"!8% Y9%:7;<7%=*/>2*/+$6%



.C$2&'!"3%#"1"2(>:2'

!!7"879"!8% :7;<7%=*/>2*/+$6% Y8%

Electronic and nuclear recoil bands

Electronic recoil band:
defined with 60Co source
Nuclear recoil band:
defined with AmBe neutron
source

Discrimination better
than 99% @ 50% nuclear
recoil acceptance

Teresa Marrodán Undagoitia (UZH) XENON100 experiment Cambridge, 3.08.2010 20 / 35



:7;<7%=*/>2*/+$6%

u.f4f^``'
*2e6A`!9"P7YGNNA!%

!!7"879"!8% YQ%

• %f-#*.%1T4-('21`%99Q7\E%T%8QCS%
• %9%1A1/#(%E1#1+#1E%M*Å12%*..%+'#(R%6/%21S6-/%->%
6/#121(#%>-2%gF?h%(1*2+$%

• %mT41+#1E%)*+CS2-'/E`%!7"%Ço;%"79%1A1/#(%
• %9%1A1/#(%(@..%+-I4*@).1%H6#$%)*+CS2-'/E%

• %(4*@*.%21+-/(#2'+@-/%->%#$1%9%1A1/#(%%
;d%1A1/#(%+-/#*6/1E%6/%_E'+6*.%A-.'I1%->%#$1%

E1#1+#-2%



u.f4f^``''

*2e6A`!9"P7YGNNA!%

!!7"879"!8% YY%:7;<7%=*/>2*/+$6%

9%T%!"
;QY
+I

9
%*#%YY%]1Zo+

9%



&  k%!"É\%4)`%%%%%%%%%%%%
%r!%1A1/#oCSoE*5%

'&1*+$1E'

&  k%!"ÉN%4)`%%%%%%%%%%%%
%r8%1A1/#(oCSo51*2%

'h21(1/#%4$*(1%FF%1T4126I1/#(%

&  k%!"É!"%4)`%%%%%%%%%%%%
%r8"%1A1/#(o#-/o51*2%

*01T#%S1/12*@-/%21v'621(%>'2#$12%T!""%
6I42-A1I1/#W%

75&5#$'F:2N,%(6$'!(#)'*(+$#'!$&$%&:#3'

!!7"879"!8% Y\%:7;<7%=*/>2*/+$6%



B:2%653":23'

:7;<7%=*/>2*/+$6% YP%

• %]21*#%42-S21((%$*(%)11/%I*E1%6/%#$1%4*(#%>1H%51*2(%6/%#$1%_1.E%->%E621+#%B*2C%

?*D12%E1#1+@-/%

• %f1/(6-/%)1#H11/%E6b121/#%1T4126I1/#(%1T6(#(%*#%421(1/#%

• %f$1-26(#(%*/E%4$1/-I1/-.-S6(#(%(11C%(-.'@-/(%>-2%#$1(1%#1/(6-/(%

• %X/S-6/S%(1*2+$1(%H6..%42-E'+1%/1H%21('.#(%6/%#$1%/1*2%>'#'21%*/E%/1H%E1#1+#-2%
+-/+14#(%-/%#$1%#-/;(+*.1%*21%'/E12H*5%*6I1E%*#%+.*26>56/S%#$1%421(1/#%(6#'*@-/%

• %<-I4.1I1/#*25%6/>-2I*@-/%>2-I%6/E621+#%(1*2+$1(%*/E%*++1.12*#-2%1T4126I1/#(%

*21%21v'621E%#-%E2*H%*%+-/(6(#1/#%46+#'21%6/%#$1%1/E%

• %f$1%'/E12(#*/E6/S%->%B*2C%?*D12%6(%*%S21*#%+$*..1/S1%>-2%#$1%/1T#%S1/12*@-/%->%

(+61/@(#(%H-2C6/S%6/%#$6(%_1.E%777%


