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CRESST

Aim of CRESST: direct detection of
Dark Matter in form of WIMPs

WIMPs scatter elastically off the
target nuclei

Target material (CaWO)

One advantage: different target
materials can be used




Detection System

> CaWOQy is a scintillator

> Deposited energy is converted into:

~99% phonons

~1% scintillation light

> Two channels detection system

— energy of phonons: E

— energy of scintillation light: L

~10mK
Heat bath

/Thermometer

Scintialltion
Target (CaWQ,)

, e
Light \Thermometer
Absorber

Heat bath
~10mK




Quenching Factor
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e-recoil and O-recoil bands
were measured!

W-recoil band cannot be
measured directly!

Additional experiment
IS needed
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> e-recoil and O-recoil bands

e € -TeCOils were measured!
a3t (B,y QF=1 by def.)

> W-recoil band cannot be
measured directly!
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QOF :=

tuclear Recoil Measuremeni

L (nuclear recoil , E)

L(electronrecoil , E ,)



L (nuclear recoil , E)

QOF :=

L(electronrecoil , E ,)
Crystal
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LASER pulse desorbs and ionizes
atoms from sample

Path of
lons accelerated to Ey, = 18keV Detector onbeam - o cror 2TPIE
/ lon lenses ‘
lons with a predefined time of flight — — —
can pass the deflexion plate | \

Only ions with the correct mass
reach the detector S/

i . i Reflector hori |
Advantage: knowing arrival time of orizonta
deflexion

ions — dark count rate is decreased plate
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Detection System

> Impinging ions O, Ca, and W mimic
recoiling nuclei in the crystal

lon beam path

> Teflon housing reflects scintillation Housing Crystal
photons into the photomultiplier \ (Cawo,)
> Photomultiplier is in single photon
detection mode o | ‘
Photomultiplier [ ———
)
. . . . / \
In principle light production of all Optical Grease [ Collimator
Reflecting

elements can be measured )
Teflon housing
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150 4

100+

counts

50

lon Measurement

Aim: Measure the number of photons
produced by a single ion

_ Hydrogen
> LASER intensity optimized to have
only dark counts 1 H'ion and ma|n|y one |On reaCh|ng CrySta|
/ dark counts
> In rare cases more ions can reach

the crystal at the same time

2 H'ion and
dark counts

|
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Number of Photons

Amount of photons for one Hydrogen ion

~ 30.34
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Aim: Measure the number of photons
produced by a single ion

Tungsten

>
+
2004

250

150 4

100 4 +

counts
v

For heavy ions less light is

. 1 produced

S > Overlap of 0, 1, and 2-ions peaks

: 7 : : ;
Number of photons > No clear identification of single ion
induced light

0 2

Amount of photons for one Tungsten ion

~ 1.77
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Tungsten

250

+
2004

150 4

100 4 +

+
50 4

+

counts

A

£ & 7

R 2 3 i
Number of photons

Amount of photons for one Tungsten ion
~ 1.77

Aim: Measure the number of photons

produced by a single ion

> For heavy ions less light is
produced

> Qverlap of 0, 1, and 2-ions peaks

> No clear identification of single ion

induced light

Main contribution to
measurement uncertainties
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QOF :=

e -Recoill Measurement

L (nuclear recoil , E )

L(electronrecoil , E ,)
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QOF :=

> e-recoils are produced by

e -Recoill Measurement

L (nuclear recoil , E,)

L(electronrecoil , E ,)

gamma radiation

Housing fcré’\sl\tl?)' )
\ A

|
Photomultiplier /D —

\

\

%
Optical Grease Collimator

Reflecting
Teflon housing
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e -Recoill Measurement

L (nuclear recoil , E )

OF

L(electronrecoil , E ,)

> e-recoils are produced by
gamma radiation

> Radioactive source facing
the detector

> Produced scintillation light is
measured

Housing Crystal

Radioactive

\ (CaWo,) SOUI’CG\\

\_

Photomultiplier B
)

\J‘\

7
Optical Grease

\
Collimator

Reflecting
Teflon housing
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Gamma Measurement

> Standard source with
18keV gamma does
not exist

> The number of
scintillation photons
proportional gamma
energy

> Interpolation to 18keV

Number of photons

20 40 680 80

Energy of gammas in keV
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Gamma Measurement

> Standard source with
18keV gamma does

. » 200

not exist S

e
> The number of 8"
scintillation photons ~ © 00

proportional gamma é
energy g 50

> Interpolation to 18keV

Number of photons for
18keV gamma: 45.35

o 20

40 60 80
Energy of gammas in keV
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> Produced light
decreases with
increasing ion mass

> Possible to distinguish
recoils from Oxygen,
Calcium and Tungsten

Light output measured for
17 different elements

H o measurement
60
X 50]
s ] QF(Ca) = 6.38%
S0
g | QF(0) = 10.08% QF(W) = 3.91%
o |
£ 301
5 | Be
§ 20 :
C
] 0
10 2 AISI caTi ]
] Cu Y Mo AgSn Sm i
| Tt e en oo 2 W ey
OI T T T T T T T T T T
0 20 40 60 80

Proton number Z
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> Produced light
decreases with
increasing ion mass

> Possible to distinguish
recoils from Oxygen,
Calcium and Tungsten

Light output measured for
17 different elements

Quenching factor in [%]

o measurement

10

= 5,38%
10.08% =391%
| Be
[
0]
T AJS]
ok U Y |V|0 Aﬁgsﬁn S||| _Ta_W Au
g — F=1+}
20 0 60 &

Proton number Z
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& Conclusion - Outlook =

> (Conclusion

« Quenching Factor of Tungsten has been
measured within my work
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& Conclusion - Outlook =

> (Conclusion

Quenching Factor of Tungsten has been
measured within my work

Band of WIMP events has been fixed
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+ Conclusion - Outlook =

' — 200— . —— e—rec_oils
> Conclusion 3 TRy F-Lby cet)
* Quenching Factor of Tungsten has been £ ™ y
measured within my work 5
5 100 i
Band of WIMP events has been fixed | = 1 |
: a C L nnaas O-recoils
b P, S ¥ ‘:‘ ] (neutrons QF=1/9)
L bl e S 8 Ao e e W-racoils
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* Quenching Factor measurements of
different target crystals
(CaWOQy4 — ZnWOQOy)

 Low temperature measurements with a

cryostat as in CRESST 25



Attachment

50; — First measurement
1 X Second measurement Y 1
7 o Current measurement N Ag . Ta}pr ]
40+ y
] - 1 |
l - Ho J: T o
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Old Quenching Factors
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Attachment

50; — First measurement i
X Second measurement .
7 o Current measurement I Ag ] T : Au
40" [ m T i i
| X - Ho T X
j Cu Mo %Sn La ] ]
6> SR S A A t
20 A -t Te % H : |
| sk
&If |
107_ Be
Hx
N
0 20 40 60 80

Proton number Z
> Number of photons for ions similar but for gammas at 18keV the measurements differs:

First Measurement 1 73.48
Second Measurement : 49.00

Current Measurement : 45.36
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1/QF

10

Attachment

50|

40 ]

20

Proton Number Z

New Quenching Factors
> Tungstate value obtained from second measurement

> Reanalyzed gamma measurement causes consistant

— First measurement
X Second measurement
o Current measurement Ag Ta A
{ SMm Ho { J: ]
Y Mo T Sn La | 1( 1 Pb |
T X
Cu | T Pd [ >I< 1 ‘}
i 1Ge T ) ¥ X =
si Ca I % .8 )
FEE TR B
0}
| Be ¥
|H %
‘* | | | |
20 40 60 80
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